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@ Eagle International markets a 
wide range of public address and 
audio equipment, intercoms, test 
instruments and accessories. All 
of these products are now de- 
scribedina single, 40-page colour 
catalogue which is available free- 
of-charge. Contact Eagle Inter- 
national, Unit 5, Royal London 
Estate, 29-35 North Acton Road, 
London NW10 6PE. Tel. 01-965 
3222. 


@ The Institution of Electrical 
Engineers will shortly begin to 
review the current (15th) edition 
of the Regulations for Electrical 
Installations, the standard work 
covering safety requirements for 
electrical equipment in buildings 
and elsewhere. The new 16th edi- 
tion will generally follow the for- 
mat used in preceding editions 
but will include an on-site guide 
to make it easier to find frequently- 
used material. A wide range of 
professional bodies will be con- 
sulted during the preparation of 
the new book and the IEE expects 
it to be ready sometime after 
1990, 


@ The new Verospeed catalogue 
lists almost 14,000 different pro- 
duct lines including components, 
cases, tools, software, computers 
and computer peripherals, Every- 
thing is despatched from stock 
and orders received before 
3.00pm will go out the same day. 
Copies of the catalogue are free 
from Verospeed, Stanstead Road, 
Boyatt Wood Industrial Estate, 
Eastleigh, Hampshire SO5 4ZY, 
Tel (0703) 641 111, 


®@ The three highest-earning semi- 
conductor suppliers in the world 
last year were all Japanese, accor- 
ding to business information 
company Dataquest. NEC took the 
first place with Hitachi and Toshiba 
close behind, forcing American 
companies out of the top three for 
the first time ever. Other com- 
panies making it into the top ten 
were, in order, Motorola, Texas 
Instruments, Philips-Signetics, 
Fujitsu, Matsushita, Mitsubishi 
and Intel. 


® Several new British Standards 
relating to home and car security 
have been published during the 
last year. They include BS4737: 
Intruder Alarm Systems In Build- 
ings, BS6799: Code of Practice 
For Wire-Free Intruder Alarm Sys- 
tems and BS6803, acode of prac- 
tice for vehicle security systems 
fitted after vehicle manufacture. 
There is also a standard covering 
the installation of DIY home alarm 
systems, known as BS6707. For 
prices and details of other publi- 
cations, contact the British Stan- 
dards Institution, 2 Park Street, 
London W1A 2BS, Tel. 01-629 
9000. 
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A novel new instrument from 

Lefax Ltd offers the yersatility 
of an oscilloscope in a handy, 
probe-type form. 

Called the Scope-Probe, it uses 
an array of LEDs to display signal 
waveforms from 0-20kHz and 
can also indicate DC levels up 
to 20V. 

The probe is similar in many 
respects to the ETI LEDscope 
featured in the January 1987 
issue (for which Lefax supplies 
kits). it measures 46 x 46 x 
120mm (1 13/16 x 1 13/16 x 4% 
ins) and is powerd form an inter- 
nal alkaline battery which gives 
around twleve hours continuous 
use. The probe tip can be de- 
tached and replaced with a set of 


eld Oscilloscope 


standard test leads, allowing the 
Scope-Probe to be used as a 
bench instrument. 

Frequencies from 10Hz to 
20kHz are covered in five 
switched ranges while DC volt- 
age is handled in two ranges, 
0-10V and 0-20V. The controls 
include fine sweep-frequency 
adjust, amplifier gain and Y- 
position and the input can be 
switched for AC or DC coupling. 
There is also a battery check 
facility. 

The Scope-Probe costs £106.32 
inclusive and is available to order 
from Lefax Ltd, Unit 6, Genesis 
Business Centre, Redkiln Way, 
Horsham, West Sussex RH13 
5QH, Tel (0403) 54135. 


q. he Orator ISCM system turns 
| any!IBM-compatible personal 
computer into a versatile com- 
munications centre, Data can be 
updated or transferred automatic- 
ally at pre-set times and when 
connected to a telephone hand- 
set the system can answer calls 
and record incoming messages. 
Orator consists of a plug-in 
board plus a software operating 
system and uses digital signal pro- 
cessing techniques to store voice 


Dialling-Up A PC Board 


messages on computer discs. Dif- 
ferent messages can be recorded 
for calls arriving at different times 
and calls can be diverted to other 
numbers during certain hours, 
Orator will be available through 
selected computer dealers and is 
expected to cost around £800.00, 
Lion Systems Developments 
Ltd, Oxford Road, Stokenchurch, 
High Wycombe, Buckingham- 
shire HP14 3SX, Tel (024 026) 3951, 


BBC Music 
Keyboard 


H ybrid Technology's Music 
5000 synthesiser forthe BBC 
micro has gained a keyboard. 

Called the Music 4000, it has 
four octaves and is designed to 
rival professional equipment. 
‘This is not the cheap rubbish you 
buy for a Commodore 64’ said 
Hybrid’s Chris Jordan. 

The keyboard plugs into the 
BBC micro’s user port and comes 
complete with software which 
enables it to work with the Music 
5000 system. The keyboard is 
always ‘live’ when the Apple pro- 
gramming language of the Music 
5000 is in operation and it can be 
used for entering notes onto the 
editing staff or for playing in the 
same way as any other synthe- 
siser keyboard. 

The software is supplied on 
disc and allows the Music 4000/ 
5000 combination to play eight 
voice polyphony with effects 
such as sound changing, echo 
and transposition, A ‘multi-track 
recorder’ section will store a per- 
formance from the keyboard for 
playback or transcription either 
into Apple's own internal music 
code or the conventional ‘sticks 
and blobs’, 

The Hybrid Music 4000 costs 
£140.00 plus VAT from Hybrid 
Technology, Unit 3, Robert Davies 
Court, Nuffield Road, Cambridge 
CB4 1TP, Tel (0223) 316 910. 


A Reel 
Improvement 


TC has announced the forma- 
tion of Cablemaster, a new 
distribution service which can 
supply wire and cable for just 
about every possible application, 
Cablemaster offers ex-stock 
delivery of a wide range of cable 
types, from heavy duty power dis- 
tribution cables through to 
specialist products for comput- 
ing, thermocouple and telephone 
applications. STC claims that 
Cablemaster is the first distribu- 
tor to offer such a comprehensive 
range. 


The Cablemaster catalogue 
gives detail specifications for the 
cable types available andthe com- 
pany provides a technical advice 
service. Orders can be placed by 
post or over the telephone and 
there are no postage and packing 
charges. Same-day despatch is 
guaranteed forall orders received 
before 5.30pm. 

Catalogues and further infor- 
mation are available from Cable- 
master, Edinburgh Way, Harlow, 
Essex CM20 2DF, Tel (0279) 639 
639. 
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Computer- 
Controlled 
Broadcasting 


T he spinning turntables and 
banks of buttons in your local 
radio station could soon be a 
thing of the past. 

A new system from America 
makes it possible for one person 
to control all the major functions 
of a radio station using a touch- 
sensitive computer screen. 

Microphones can be switched 
in as required, taped sound effects 
can be selected from a menu and 
music tracks held in a remote- 
controlled multiple CD player 
can be brought into play bytouch- 
ing the screen. Telephone chat 
shows can also be controlled by 
the sytem and a text window on 
the screen allows news and other 
information to be flashed up in 
front of the presenter so that it 
can be read out. 

The system is called Touchstone 
and consists of a software pack- 
age for use on IBM PCs and a 
mechanical switching unit. The 
switch unit is controlled through 
the computer’s RS232 port and 
can be used to operate tape 
machines and most other items 
of station equipment. 

The CD player is a broadcast- 
quality unit which can hold 100 
discs, Any one of 1000 tracks can 
be selected instantly by means of 
an external controller or com- 
puter such as the Touchstone 
system. 

Touchstone is already in use in 
America. By enabling the presen- 
ter to take complete control, the 
system eliminates the need for a 
separate mixing desk operator 
and so reduces staffing costs. 

Touchstone is distributed in 
the UK by Incomtel Ltd, 225 
Goldhawk Road, London W12 
8SB. Tel 01-743 5511. 


Long 
Arm-Band Of 
The Law 


C timinal Justice agencies in 
America are using electronic 
tracking devices to keep tabs on 
paroled convicts and people 
awaiting trial. 

The system uses an arm or ankle 
band whichis fitted to the person 
being monitored, Signals from 
the band are picked up by a local 
receiversolongas the transmitter 
isin range. If the signal ceases, the 
receiver informs a central com- 
puter which sounds an alert. 
About 45 such programmes are 
operating in 20 American states 
and the National Institute of 
Justice says they offer a signifi- 
cant improvement in supervision 
at moderate cost. 
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Patch Sockets for 


D Components has intro- 
duced a range of adaptors 
which allow connections to be 
made between ICs and sockets 
with different pin-outs. 

The adaptors are intended for 
use in test and development work 
and consist of a plug and socket at 
either end of a small aluminium 
case. Eachpin onthe plugislinked 
to the corresponding pin on the - 
socket via a DIL switch, allowing 
the connection to be broken 
when not required. New connec- 
tions are made using wire links 
between two rows of miniature 
sockets, In this way, any pin can 
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TS problems posed by sur- 

face-mounting components 
can be evaluated using anew trial 
board from OK Industries. 

Designed in conjunction with 
British Aerospace, the board pro- 
vides the correct tracking con- 
figurations for most currently- 
available surface-mount devices 
and can be worked using direct 
heat, hot gas or any of the other 
standard surface-mount solder- 
ing techniques. Component pac- 
kages with up to eighty pins can 
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nt Trial Board | 
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DILICs 


quickly be connected to any 
other pin. 

The adaptors are available in 
thirteen sizes from 14 to 64 pins 
and feature turned-pin socket 
contacts and gold-plated pin con- 
tacts. Prices range from around 
£25.00 plus VAT for the 14-pin 
version up to £95.00 plus VAT for 
the 64 pin adaptor. A complete set 
of thirteen adaptors will set you 
back around £350.00 plus VAT. 

Dau Components Ltd, 70-74 
Barnham Road, Barnham, West 
Sussex PO22 OES, Tel (0243) 
553 031. 


be accomodated and the board 
features track spacings down to 
0.032ins (0.812mm). 

The surface-mount trial board 
costs £4.98 plus VAT. OK has plans 
to introduce a supporting kit 
which includes dummy versions 
of some of the more expensive 
types of surface mount-com- 
ponents. 

OK Industries UK Ltd, Barton 
Farm Industrial Estate, Chicken- 
hill Lane, Eastleigh, Hampshire 
SOS5 5RR. Tel (0703) 619 841. 


@ Bopla manufactures enclosures 
and accessories for electronic 
equipment including 19” rack 
systems, moulded terminal and 
keyboard housings and a variety 
of plastic cases in various sizes. 
The range is described in a 20- 
page A4 catalogue from West 
Hyde Developments Ltd, 9-10 Park 
Street Industrial Estate, Ayles- 
bury, Buckinghamshire HP20 1ET, 
Tel (0296) 20441. 


® ACCumulator is the newslet- 
ter of the Amateur Computing 
Club and the latest issue includes 
articles on serial output expan- 
sion, baud rate conversion and 
using the Rugby Clock broad- 
casts. Membership of the club 
costs £6.00 and details can be 
obtained from Andy Leeder, 
Church Farm, Straton St. Michael, 
Norwich NR15 2QB. 


@ AB Engineering now distributes 
the range of fasteners, spacers, 
ducting and other cable acces- 
sories manufactured by Japanese 
company Kitagawa Industries. 
Detailed information on Kitaga- 
wa’'s products is contained ina 40- 
page A4 illustrated catalogue 
which is available free-of-charge. 
Contact AB Engineering Company, 
Timber Lane, Woburn, Milton 
Keynes MK17, Tel (052 525) 322. 


@ Anew club has recently started 
up in the Manchester area for 
electronics and computer enthus- 
iasts. It meets on the second and 
fourth Tuesday of each month at a 
local school and aims to provide 
information and guidance on 
various aspects of the hobby. For 
details contact Mike Darlington 
at 18 Somerset Road, Failsworth, 
Manchester M35 OWA, Tel 061- 
682 0274. 


® The latest edition of the Data 
Converters and Reference !Cs 
handbook from Ferranti contains 
information on both new and 
established ADCs, DACs and 
voltage reference devices. Appli- 
cation notes are included and 
there is anew section on interfac- 
ing ADCs and DACs with the Z80 
and 6500 families of micro- 
processors. For a free copy con- 
tact Ferranti Electronics Ltd, Fields 
New Road, Chadderton, Oldham, 
Lancashire OL9 8NP, Tel 061- 
624 0515. 


@ Chris Curry’s Red Boxes (see 
ETI December 1986) are now 
available for use with the Amstrad 
464, 6128 and 6256 computers. 
They can be used to relay informa- 
tion from security devices and 
other sensors or to control mains- 
operated appliances, all using the 
existing mains wiring as a signal 
carrier, Contact Electronic Fulfil- 
ment Services Ltd, Chesterton 
Mill, French’s Road, Cambridge 
CB4 3NP. 
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@ The new Electrovalue catalogue 
is said to be their biggest yet at 
sixty pages. It lists a wide range of 
components, tools, test equip- 
ment, computer accessories and 
books and features an extensive 
selection of Siemens capacitors 
and other products. Prices are 
guaranteed for the four-month 
life of the catalogue. Copies are 
available free-of-charge from 
Electrovalue Ltd, Freepost, 28 St. 
Judes Road, Englefield Green, 
Egham, Surrey TW20 8BR, Tel 
(0784) 33603. Notethe Freepost 
address, which means that you 
don’t need a stamp on your 
envelope. 


@ Many, many apologies to the 
poor people whose telephone 
number we gave at the end of our 
1986 index in the January 1987 
issue, The number was included 
for the benefit of those who 
wished to obtain backnumbers. 
The correct number is (0442) 
48432 — only one digit different 
— which gets you through to 
Infonet in Hemel Hempstead. 
They will be happy to help with all 
enquiries regarding backnumbers. 


T ired of entering strings of 
noughts into your calculator 
when dealing with electrical 
quantities? 

The new FX580 calculator from 
Casio handles multipliers such as 
micro and kilo directly and gives 
the result in the most appropriate 
units. It is also pre-programmed 
to handle equations involving 
most commonelectrical units and 
can correctly distinguish between 
the real and imaginary parts of 
calculations involving complex 
numbers. 

The FX580 has a 10-digit liquid 
crystal display and haldes 180 
scientific functions. It accepts all 
multipliers from pico to Giga plus 
the less-familiar femto, atto, Tera, 
Peta and Exa and understand the 
relationships between watts, 
volts, amps, ohms, farads, 
coulombs and seconds. Power is 
supplied by two lithium batteries 
and each set should last for 
around 16 weeks. 

The FX580 will be available 
from Casio dealers at a recom- 


mended retail price of £27.95. 

Casio Electronics Company Ltd, 
Unit 6, 1000 North Circular Road, 
London NW2 7JD, Tel 01-450 
9131. 
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Beating The Dread Noughts | Blind Mice? 


IBM have 

developed a hand-held de- 
vice which enables blind people 
to read from a computer screen. 

Itis similarin most respects toa 
conventional computer mouse 
but has a matrix of tiny pistons on 
its upper surface. The mouse is 
moved around to select areas of 
the screen and the pistons move 
in and out to form characters 
which can be felt. 

The device has been developed 
from existing equipment which 
has been in use for many years. 
The advantage is that the new 
system uses standard parts and 
will be relatively cheap to manu- 
facture, unlike the old system 
which cost around £6,000 per 
unit, Itis also far faster, more con- 
venient and less bulky, 

The mouse has been developed 
specifically for use with IBM com- 
puters but the engineers who 
designed it say there should be 
no problems adapting it to work 
with other computers, 
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The International Open Systems Conference 
— March 3-6th 
London, For details contact Online at the 
address below. 


Wind Power — March 11th 

White Horse Hotel, Dorking, Surrey. Lecture 
organised by the IEEIE. Contact M.P. Lott on 
01-921 1129, 


Energy In The World — March 12th 

The IEE, London, Lecture by Sir Hermann 
Bondi of Cambridge University. Contact the 
South East Centre Honorary Secretary on 
(0462) 53331 ext. 292. 


CADCAM ‘87 — March 14-16th 

Metropole Hotel and NEC, Birmingham, See 
March '87 ETI or contact Christine Smith on 
01-608 1161. 


The Code-Breaking Computers Of 1944 — 
March 26th 

The IEE, London, 2.15pm followed by lecture 
in the evening. See March ‘87 ETI or contact 
the IEE at the address below. 


Digitally implemented Radios — April 1st 
The IEE, London. Colloquium. Contact The 
IEE at the addréss below, 


Fibre Optics In Communications — April 
2nd 

University of Cambridge, 7.00pm. Lecture 
organised by the IEEIE. For details ‘phone 01- 
863 3357. 


The Role of Alternatives In The World Energy 
Scene — April 7-9th 

University of Reading. See March '87 ETI or 
contact the IEE at the address below. 
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Frequency Control And Synthesis — April 8- 
10th 

University of Surrey. Conference. Contact 
the IERE on 01-388 3071, 


Reliability 87 — April 14-16th 

Birmingham. Conference and exhibition 
organised in conjunction with the IEE. Con- 
tact the Institute of Quality Assurance on 01- 
584 9026, 


Electricity And The Body — Friend Or Foe? — 
April 23rd 

The IEE, London, Lecture by Dr. A. T. Baker of 
the Royal Hallamshire Hospital. Contact the 
IEE at the address below. 


The Electronic Data Interchange Conference 
— April 28/29th 

The Barbican Centre, London, See February 
’87 ETI or contact Online at the address 
below. 


Cellular & Mobile Communications '87 — 
April 28/29th 

London. For details contact Online at the 
address below. 


British Electronics Week 1987 — April 28- 
30th 

Olympia Exhibition Centre, London. See 
February ‘87 ETI or contact the Evan Stead- 
man Communications Group on (0799) 
26699. 


Digital Audio Tape Recording — April 30th 
The IEE, London. See March’87 ETI orcontact 
the IEE at the address below. 


Tool Kits And Sneaky Tricks — May 15th 
The IEE, London, 2.00pm. Discussion meet- 
ing. Contact the /EE at the address below. 


TV Displays: The Next Ten Years — May 
20th 

The JEE, London, 2.00pm. Discussion meet- 
ing. Contact the IEE at the address below. 


Computer North — May 27-29th 
G-Mex Complex, Manchester, Business com- 
puter show. Contact Cahners on 01-891 5051. 


International ISDN Conference — June 15- 
18th 

London. Conference on the Integrated Ser- 
vices Digital Network, Contact Online at the 
address below. 


Networks ‘87 — June 16-18th 
London. For details contact Online at the 
address below. 


CableSat '87 — June 2-4th 

Metropole Hotel, Brighton, Exhibition and 
conference, Contact Online at the address 
below. 


UK Telecommunications Networks: Present 
& Future — June 2-4th 

IEE, London. Conference. Contact the IEE at 
the address below. 


IDEX ’87 — September 21-23rd 

Metropole Exhibition Halls, Brighton, Inter- 
national Defence Electronics Exposition — 
conference and exhibition. Contact Nut- 
wood Exhibitions on (04848) 25891, 


Addresses 
Institution of Electrical Engineers, Savoy 
Place, London WC2 OBL, Tel 01-240 1871. 


Online Conferences Ltd, Pinner Green 
House, Ash Hill Drive, Pinner, Middlesex 
HAS 2AE, Tel 01-868 4466. 
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The Cortex Caper 


S ome Years ago | bought a Power- 
tran Cortex kit and recently | 
discovered that the firm Powertran 
has disappeared. 

| know there was a newsletter 
service for the Cortex but I did not 
join it, so | lost track of it. Today | 
would like to join the service but | 
am unable to find the name and 
address of the administrator. 

| would further like to buy some 
hardware add-ons, like the RGB in- 
terface, but | do not know if there is 
anybody selling Cortex add-ons. 

| hope that you can provide the 
right addresses so | can get started 
again. 

Magne Ertresang 

Nesttun, Norway. 


am writing in the hope you can 
help a Cortex owner. 

Some time ago | built a Cortex 
computer from a kit supplied by 
Powertran Cybernetics. Due to care- 
lessness on my part | have succeeded 
in destroying the entire EPROM 
set. 

| obviously require replace- 
ments butitappears that Powertran 
has ceased trading. Can you tell me 
of anywhere | can obtain them or, if 
Powertran has simply moved, its 
new address. 

Dr. S.F. Butler 

Littlehampton, Sussex. 


Powertran has indeed ceased trading. 
Unfortunately ETI knows of no company 
actively supporting the Cortex. The news- 
letter is no longer available and spare 
parts and add-ons for this excellent pro- 
ject can only be bought on the second 
hand market. 

The best course of action for anyone 
wanting help or parts for the Cortex is to 
advertise in the ETI Free Readers’ Ads. 


Amp Thoughts 


Wore John Linsley Hood has 
completed his series on FM 
receivers he will have published 
designs for the core of an audio 
system which approaches the state 
of the art. 

| am sure that | am not alone in 
wishing this was available as a 
matching kit containing the ETI 
Audio Design amps, the Synchro- 
dyne AM receiver described in 
Wireless World, and the ETI FM 
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receiver. 

The lack of a kit from a reliable 
supplier may not concern the dedi- 
cated hobbyist but undoubtedly 
deters the occasional constructor 
and inhibits the growth of interest 
in electronics. 

The disadvantages of kits are 
that the supplier will choose com- 
ponents on the basis of cost rather 
than quality and that the kits will be 
designed around cases which are 
too small to allow Bperaciire How- 
ever, these problems only arise 
if the supplier assumes kits are 
primarily of interest to those who 
cannot afford an ‘ordinary’ brand 
pi as hearth 

he days have passed when it 
was possible to build more cheaply 
than soe except at the upper end of 
the market. Nowadays kits are more 
likely to attract customers who are 
weary of being told that X is best 
without any plausible reason being 
iven, and who would like to put 
these opinions to the test and have 
more control over the sound than 
the ae to sign a cheque. 

Hart Electronic Kits at present 
offer two JLH amps: a 30 watt inte- 
seep and a 100 watt power amp. 

he former is housed in a small box 
about 430 x 300mm and 1-2U in 
height. The latter is in a larger box 
about 3U in height. These boxes will 
stack together quite neatly and are 
attractive and unobtrusive, 

Could Hart be persuaded to in- 
crease the range? 

One item which could com- 
plete the JLH/ETI range would bea 
small integrated amp to replace the 
30 watt mentioned above. 

This is a good design but is now 
rather out of date and | am sure 
could be improved upon. For the 
last 6 years | have used two of the 30 
watt amps and, aa as bg are, | 
cannot help feeling inside there is 
an even better amp trying to get out. 
However, ey have always given 
mea great deal of pleasureand have 
been chosen by anumber of friends 
in preference to more expensive 
commercial designs of impeccable 
pedigree. 

Since it is now over two years 
since you published the ‘Audio 
Design’ amps and as yet no kit is 
readily available perhaps it is a good 
time to ask JLH if he has had any 
further thoughts on the design, 
whetheralower powerversion would 
be possible, the advantages and 
disadvantages of different PSU con- 


figurations, the advantages of dual 
mono construction, which compo- 
nents in the circuits are most likely 
to influence sound quality and 
benefit most from upgrading, 
whether it is better to mount PCBs 
horizontally or vertically, etc. 

D.W. Macdonald. 

Truro, Cornwall. 


Great minds, it seems do indeed think 
alike. JLH has already suggested to us 
some improvements very much along 
the lines you mention. 

In the reasonably near future we 
hope to publish an improved version of 
the Audio Design amp, complete with a 
kit from Hart, and a totally re-worked 
lower power design offering similar high 
quality to replace the old 30W amp and 
also available from Hart in kit form. 


Pull the Other One 


fter many years of furious use, 

the controls on my guitar have 
finally (and inevitably) started to 
crackle beyond even my level of 
tolerance. | have tried everywhere 
to find replacements without any 
luck. 

The problem is that | needa rotary 
pot with an on/off switch built-in - 
and operated by pushing and pull- 
ing the pot knob — not the usual 
rotary switch, 

Can you help me witha source of 
these pots. The only possibility | 
have been offered so far is a special 
order (probably all the way from the 
guitar factory in the States) and far 
too costly. 

Colin Harris, 

Cottingham, Humberside. 


Potentiometers with integral push/pull 
switches are indeed difficult to find. For- 
tunately, Cirkit has recently started to 
stock these devices. They are available in 
5k, 10k, 20/25k and 100k log and 10k, 
20/25k and 100k lin versions, all with 
DPST switch and costing £1.60 each. 
Cirkit is on (0992) 444111. 


ETI welcomes letters from readers 
on any topic. If you disagree with 
our learned contributors or just 
think it’s time for a general elec- 
tion, don’t sit there and seeth in 
silence. Write and tell us all 
about it. Write to: 
Electronics Today International, 
Golden Square, 
London, W1R 3AB.__ ETI 
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FIFTEEN YEARS 


OF ETI 


Wallow in a little nostalgia as ETI checks out its un-chequered 


history. 


y back in 1970 a new 
electronics magazine was 
launched in Australia. It 


was called Electronics Today Inter- 
national and it quickly became very 
popular indeed. 

It proved so successful that the 
owners decided to try their luck 
with an overseas edition. 

Thus it was that in April 1972 a 
British version of ETI appeared. It 
was based on the format established 
by its Australian predecessor and 
proved just as popular, quickly find- 
ing its place among the leading British 
electronics journals. Within a few 
years ETI had built up a large and 
devoted readership and gained a 
reputation for its topical features, 
strong projectarticles and of course, 
its off-beat sense of humour. 


In The Beginning 


So what was this exciting new 
magazine like, and how did it differ 
from the present-day ETI? 

One noticeable difference is 
that the early ETI was aimed less at 
hard-bitten electronics enthusiasts 
and more at the general reader. The 
editorial page in the launch issue — 


: ay 
BaRITAIN’S DYNWANUC NEW MOREE HE 


SpoaP TEST: FERROGRAPE DOLBY RECORGER 


boldly headed ‘Tomorrow Starts 
Today’ — spoke of the ever-increas- 
ing impact of electronics on our 
daily lives. 1naworld where the daily 
pinta was electronically checked 
and the morning mail electronically 
sorted, it argued, everone had an 
interest in electronics and would 
need up-to-date information. ETI 
set out to provide it. 

Accordingly, the early issues had 
far more feature articles than is nor- 
mal today and correspondingly 
fewer projects. The first ETI con- 
tained fourteen features and pro- 
duct tests plus news, reviews and a 
suppliers guide. Many of the arti- 
cles were very short, some of them 
no more than a page. However, the 
topics chosen covered a very wide 
field and there was plenty tointerest 
both the intelligent general reader 
and the more dedicated hobbyist. 

The book reviews in particular 
covered a surprisingly broad range. 
In addition to the dictionaries of 
electronics, constructors guides and 
data books the first few issues car- 
ried reviews of The Population Bomb 
by Paul Ehrlich, Beyond Freedom 
And Dignity by the psychologist B.F. 
Skinner and Charles Reich’s con- 
troversial book on the organisation 


of societyinatechnological age, The 
Greening of America. 

The launch issue included articles 
onspacetracking stations, triacs and 
room acoustics and there was also 
an early look at a topic which has 
occupied our attention more recen- 
tly — bio-feedback. Tech Tips was 
there right from the start (although 
the first circuits were taken from 
manufacturers’ data sheets rather 
than being sent in by readers) and by 
issue three the editors had received 
enough correspondence to start a 
regular letters page (called ‘Input 
Gate’ — anyone remember than?). 


Sound Start 


Another big difference between 
ETI then and now is the amount of 
space devoted to different aspects 
of electronics. In 1972 computers 
hadn’t reached the home construc- 
tion market and audio was the in 
thing. There were specialist hi-fi 
magazines around but few of them 
covered the electronics side of 
audio in any depth. 

ETI responded to this challenge 
with a wealth of articles, backed up 
byaspecial agreement with a firm of 
acoustical consultants which enabled 
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Power cuts hit Britain in 1974, but ETI 
readers weren't left in the dark. 


us to offer comprehensive and 
authoritative advice on almost all 
audio matters. 

The first issue included a review 
of the newly-launched Dolby noise 
reduction system and a ‘scoop’ re- 
view of the first reel-to-reel ape 
recorder with built-in Dolby — the 
Ferrograph Model 7HD. 

The magazine also included 
record reviews in those days, around 
three to four pages each month 
being taken up with a look at the 
latest jazz, classical and pop releases. 
The review section was among the 
first of the regular features to be 
dropped but it says much about the 
supposed readership of the maga- 
zine that the editors felt it worth 
retaining the classical record reviews 
long after pop and jazz had gone. 


Computing The Changes 


Much has changed since those 
first few issues, and arguably the 
greatest change has been inthe field 
of computing. ETI was the first elec- 
tronics magazine in this country to 
describe a DIY computer design for 
the home constructor, presenting 
first the System 68 modules in 1977 
and then the Triton single-board 
computer in 1978, 

Wealso launched one of the first 
specialist computing magazines 
available in this country, Computing 
licen It appeared as a pull-out 
supplement in the November 1978 
issue of ET! and was published as a 
separate magazine from March 1979 
onwards. 

Sadly, CT is no longer around. 
Like many other non-trade, non- 
machine-specific computer maga- 
zines it lost out in the fierce circula- 
tion wars a year or so back and 
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ceased publication. Nonetheless it 
will be remembered with affection 
by many past readers. 

There have also been some in- 
teresting changes behind the scenes 
over the last fifteen years. ETI’s 
original owner was an Australian 
called Colin Ryrie whoalso published 
the professional music magazine 
Sonics and anumber of other audio 
and technical magazines. Tragically, 
Colin was killed in a boating acci- 
dent whilst returning home one 
night across Sydney harbour. Con- 
trol of the company passed to his 
son Kim who ran it successfully for 
some years, 

In 1979 Kim Ryrie and a close 
friend came up with an idea for a 
futuristic musical instrument. In 
order to develop the idea they 
needed a large sum of money fairly 
quickly so Kim sold off his magazine 
holdings. He achieved the best 
price by selling the Australian and 
British interests separately. Thus ETI 
acquired British owners and the 
world gained a new musical instru- 
ment, named after the suburb of 
Sydney where Ryrie lived. It was 
called The Fairlight. 

Changes in the world of elec- 
tronics have also been faithfully 
reflected in our pages. The Decem- 
ber 1972 issue introduced that mar- 
vellous device, the light emitting 
diode, while readers of the Decem- 
ber 1974 issue were treated tosome 
advice on how to handle the newly- 
introduced and very delicate CMOS 
ICs. MOSFETs and gallium arsenide 
are among the other new develop- 
ments charted in our pages and the 
list of new techniques and applica- 
tions we have covered is far too long 
to go into here. 

Some other developments have 
stood the test of time less well. 
Bubble memories were all the rage 
for a long time but somehow never 
made it commercially. Quad- 
rophonic audio was another idea 
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Times change: in 1972 we published 
Tech Tips with valves in them. 


which generated a lot of interest at 
the time, and who now remembers 
the Elcassette? 

Our projects too have frequently 
broken new ground. Aside from the 
computers mentioned earlier, we 
were the first electronics magazine 
to publish a design using switched 
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November 1978; ETI presents the 
Triton single board computer and the 
first issue of Computing Today. 


capacitor filters. Some of our audio 
projects in particular have set new 
standards in their fields and it was 
pleasing to see a music magazine 
recently recommending the ETI/ 
Powertran Vocoder to its readers, 
even though the design is now over 
six-years old. 


Very Interesting, But... 


And of course, ET! wouldn’t have 
been complete without a few silly 
articles, Among our personal favour- 
ites were the guide to Murphy’s Law 
(October 1972, apeaien i Sept- 
ember 1977), Phil Walker's Super 
Selective Music Filter (April 1984) 
and the Adzap (April 1986). Wealso 
produced one or two items which 
were perfectly functional even ifthe 
function was a little odd. In this 
category we recall the UFO detector 
(which certainly detected some- 
thing even if it wasn’t UFOs) andare 
happy to carry on the tradition with 
the 24-hour Sundial in this issue, 

And so, we hope, it will go on. The 
changes over the past fifteen years 
have been enormous and we can 
reasonably expect just as much to 
change in the next fifteen years. But 
whatever happens in electronics, so 
long as their are enthusiasts around 
who need tobe informed and enter- 
ad we hope ETI will be there to 

o it. 


See you in 2002, ETI 
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FEATURE 


GRAPHICS 
PROCESSORS 


lan Sherlock looks into his high-res, bit mapped crystal ball and find: 


the graphical future of computers is not that far away. 


the most important features of any computer 

system. This applies not only to the large (and 
horrendously expensive) engineering workstations at 
the top end of the market but right down to the humble 
home micro. 

There has been a trend recently to incorporate 
graphics based operating systems in business com- 
puters and even in some of the more domestic aimed 
machines (the Apple Mackintosh and Atari ST micros). 

The graphical power of micros has steadily increased 
since their introduction some 10-15 years years ago 
(Table 1). However, the abilities of the conventional 


T he ability to present graphical information is one of 


Screen 
Resolution 


Number of Bit-map 
Colours Size 


Approx. 
‘Dot Frequency’ 


256 x 200 (low) 16 25K 5.4MHz 


640 x 480 (medium) 256 22MHz 


1280 x 1024 (high) 64k 100MHz 


Table 2 Bit-map memory usage of different displays 


methods of handling computer graphics have just about 
‘reached their peak. To go further a new approach is 
required. This is provided by the ‘graphics processor’. 


Development Of Graphics 


Toappreciate the importance of graphics processors 
we need to look at the recent history of microcomputer 
graphics systems. 

Graphics systems have developed significantly since 
small computers first appeared in the early seventies. 
Figure 1 shows the simplified system design of an early 
micro-computer such as the Nascom or UK101. The 
microprocessor has access to all system memory, and 
that area of memory dedicated to the screen can also be 
accessed by a character generator. The character gener- 
ator scans through screen memory recognising charac- 
ter codes and then pbk the appropriate dot sequence 
on the screen. Such a character generator can only pro- 
duce a very limited display of text and so-called 
‘chunky’ graphics. 

The next system to emerge, and that used widely 
today, replaced the character generator with a graphics 
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The Nascom 3 micro — an early character generator- 
based computer. 


SYSTEM 
MICRO- 
PROCESSOR FA 


TEXT ON VDU 


Fig. 1 Character generation in early micros. 


controller chip accessing screen memory configured asa 
bit-map. Such a system is used by the BBC micro and is 
shown in Fig. 2. 

The bit-map differs from the arrangement of memory 
used with a character generator in that each bitin the bit- 
map corresponds directly to information displayed on 
thescreen. inavery simple blackand white system there 
might be one bit in memory mapped directly to each 
screen pixel (ie one = pixel on, zero = pixel off). 

This scheme allows the microprocessor to display 
absolutely any picture within the system’s resolution 
limits by changing the pattern of ones and zeros in the 
bit-map by means of the graphics controller. 

The graphics controller relieves the host micro- 
et ptaraea of some of the work involved in managing the 

it-map. For example, in some systems the host micro- 
processor can send simple instructions to the controller 
of the form: 
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SYSTEM 
MEMORY 
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MEMORY UNDER 
SOFTWARE CONTROL 
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SCREEN 
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DATA AND CONTROL INSTRUCTIONS 


Fig. 2 Modern micro design with a graphics controller and 
| DRAM bit-map. 


Draw a line from point (0,0) to (100,100). 

Draw a circle radius 20 centred at (60,80). 

Draw a filled rectangle on the diagonal between 
(10,10) and (70,30). 


The controller interprets these instructions and sets 
up the bit-map accordingly. If the user requires an 
unusual pattern to be drawn the host micro- 
aoe as to intervene directly to alter the bit-map. 

uchintervention draws heavily on the host’s processing 
power and slows the system unacceptably. 

The simple bit-map and controller arrangement 
described has certain obvious disadvantages: 


@ Inits simplest form it does not allow for colour or 
grey scale displays. 

@ It will not handle text efficiently. 

@ It is slow. 

@ itis limited by any pre-defined functions designed 
into the graphics controller. 


To an extent, these problems can already be solved 
but the development of a graphics processor still pro- 
vides a big leap forward in performance. 

Providing colour for a bit-map display is quite easy 
and can be achieved by mapping several bits in memory 
to each pixel on the screen, For example mapping four 
bits per pixel would allow either 16 different colours or 
perhaps 16 different intensities of one colour to be 
displayed on a screen. 

To achieve the resolution required for, say, the elec- 
tronic publishing of a colour magazine would require a 
bit-map holding at least 25 bits per pixel — 8 bits or 16 
intensities for each of the three primary colours. 

It is fairly clear that a bit-map of any size will eat up 
i chunks of memory. Some examples are shown in 

able 2. 

It is for reasons of economy of memory and speed of 
operation that even graphics controller based systems 
tend to handle text in the same way as character genera- 
tors.A word processor displaying 25 lines of 80 character 
text would require about 2k of memory if it used a 
character generator. 

Producing the same display from a black and white 
bit-map would require about 12 times more memory, 
and considerably more than thatifacolour bit-map were 
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used. In addition to the need for more memory the bit- 
map display of text would be much slower in operation 
than the character generator display since moving a 
character about would entail shifting several bytes of 
information, not just a single byte character code. 

Clearly there is a trade off in design. A graphics con- 
troller Sees text in the same way as a character 
generator, uses little memory and is quick. However, 
mixing chunks of text and graphics can pose difficulties 
which stem from the different ways in which the two 
entities are stored in memory. 


But now ... 


It would seem then that the problems of bit-mapped 
graphics driven by a controller can be eased but not 
mitigated completely. We shall see later that the first 
graphics processors now becoming available are suffi- 


System Date Typical Best Typical System 


Graphics Memory 


80 x 48 64K 
1 colour 

640 x 256 64K 
1 colour 
640 x 400 
16 colours 
1024 x 800 
16 colours 


Approx. 
Cost 


Nascom £300 1977 


BBC micro £400 1981 


IBM PC £2,000 1982 640K 


Work Station £10,000 1986 4096K 


Table 1 Cost and graphics performance of a selection of 
computers. 


a eee xe 


The BBC micro — a typical graphics controller-based 
micro 


MSX computers contain a forerunner of the graphics 
processor. 
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ciently quick in operation to allow text and 
graphics to be handled in the same way in the bit-map, 
while at the same time overcoming the problems of the 
limited instruction set of the graphics controller. 
Using a graphics processor, an electronics engineer can 
now put together a low cost system with the following 
features. 


@ Full colour, variable intensity, bit-mapped display. 
@ ve from a variety of fonts mixed with complex 
raphics. 

4 Very high speed number crunching for 3D 
animation. 

@ A graphics system which is totally programmable 
and can even operate without intervention from the 
host microprocessor. 


A useful analogy can be drawn between a graphics 
systemanda barat held calculator. mera nIS controller 
provides fixed graphical functions in the same way thata 
calculator provides fixed mathematical functions. In 
contrast a graphics processor can be programmed to 
execute a series of instructions giving it much the same 
flexibility and sophistication that sets a programmable 
calculator apart from a simple hand operated machine. 

Having taken a brief look at the development of 

raphics systems the following question arises: Why has 
ittaken so long for manufacturers to devote funds to the 
produasan of a properly optimised graphics processor? 

he answer to this question lies largely in the realms of 
memory development. Until recently the DRAM chips 
available for graphics bit-maps have imposed an unac- 
ceptable constraint on the performance of any graphics 
system, no matter how efficiently the driving processor 
or controller, This eNO problem has recently been 
solved, opening the way for the design of very power- 
ful systems. 


VRAM 


The system shown in Fig. 2 hints at the memory 
problem which is associated with bit-map bandwidth 
and stems from the need to update the screen con- 
tinuously from memory. 

Atypical computer display can spend 90% of its time 
updating the screen with the other 10% of its time taken 
by the blanked electron beam retracing its scan path. 
During the screen update period information has to be 
read from the bit-map. 
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Fig. 3 (a) Dynamic RAM showing ordinary access. 
(b) Video RAM showing shift register transfer. 
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Using conventional DRAMS it is not possible to read 
out data sequentially to the screen while updating other 
areas of memory at the same time. So the graphics 
whe is limited to making alterations to the computer 

isplay during the 10% of time when the screen is 
blanked. 

This isan unacceptable communications bottleneck. 
Toappreciate how it has been overcome we first need to 
look at the operation of a DRAM in L seas detail. 

Figure 3(a) shows a simplified diagram of a single 
Dynamic RAM chip. The DRAM is accessed in the nor- 
mal sg! by providing a row address signal (which the 
DRAM latches to select a row of information) followed 
by acolumn address signal (which the DRAM latches so 
that one bit in the selected row can be identified). The 
condition of the DRAM Read/Write line then deter- 
mines whether the selected bit is read from or written 
to. 

If a bit-map were to be made siete from DRAM 
then, as explained, severe limitations would beimposed 
on the performance of the pepnlcs system. 

One solution to the problem involves using two port 
video RAMs or VRAMs, devices which first became avail- 
able commercially in 1984. A single VRAM is shown 
schematically in Fig. 3(b). 


Shift Registers 


VRAM looks like a DRAM witha shift register attached 
and indeed VRAM supports the normal DRAM read and 
write accesses. However, VRAM will also accept a row 
address followed by a special transfer strobe which 
signals the device to copy the selected row to the shift 
register. When the transfer has been completed an 
external shift clock can be applied to shift the row data 
out of the VRAM. During shifting the VRAM is free to 
be updated. 

Of course in reality DRAMS and VRAMs are much 
larger than indicated in Fig. 3(b), typically they might be 
built as 256x256 bit arrays rather than the 4x4 bit 
array shown. 

A VRAM bit-map is able to update its display by 
transferring rows to the shift register to be clocked out to 
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Fig. 4 The internal architecture of the TMS34010. 
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the screen driver. From the moment of transfer the 
VRAM would be free to be modified. Foratypical screen 
display the VRAM would be busy for only 5% of the time. 
This compares favourably with the 90% busy figure for 
the DRAM bit-map. in the future the vast majority pale 
performance graphics systems will have to rely on the 
VRAM as the bit-map memory component. 


The TMS34010 


The availability of VRAM has made the development 
of graphics processors a worthwhile activity. The first 
device to reach the market is the Texas Instruments 
TMS34010.A 1.8 micron CMOS device made up of over 
200,000 transistors, the TMS34010 is a complete 32 bit 
microprocessor in its own right but with certain features 
added to optimise its graphics performance. 

The chip was designed in England and is currently 
avail able in sample quantities costing roughly £230 
each, However, as Sa een steps up over the next few 
years that price should fall below £20 per device at 
which point add-on boards will start to become available 
for personal computers, bringing work station quality 
graphics to the home micro. 

The internal architecture of the TMS34010 is shown 
in Fig. 4. The central processing unit functions are 
located in the middle of the diagram. These include 30 
32 bit general purpose registers which are all available to 
the user. There is also a 256 byte instruction cache built 
into the TMS34010, shown in Fig. 4 above the CPU. The 
cache holds a copy of a small region of processor 
memory. As the TMS34010 executes code it looks in the 
cache for the next instruction. If the instruction is pre- 
sentinthe cache it can be fetched with virtually no delay, 
saving time which would otherwise be lost accessing 
extended memory. 

Graphics code commonly contains large numbers of 
short machine code loops used, for example, to draw 
lines and circles. The cache has been designed toaccom- 
modate these short loops and can execute them very 
quickly, making few external memory accesses. 

Running down the left of Fig. 4 are a series of 
dedicated I/O registers. Seven registers control the way 
in which the processor responds to an interrupt and the 
way in which the processor interacts with the system 
host processor (assuming there is one). 

There are a further 15 registers dedicated to video 
timing. These can be programmed by the user to set the 
length of the horizontal and vertical sync and blanking 
signals. One processor can be used to produce signals 
compatible with a whole range of video standards. The 
generation of video signals can also be disabled and the 
chip locked to an external picture source to allow the 
mixing of different video signals. 

The last set of six 1/O registers control the local 
memory interface. The processor's local memory can be 
made up of VRAMs forthe bit-map, DRAMS to hold pro- 
gram data and even EPROMs to hold boot-up code fora 
system in which the TMS34010 does not have a host. 

All the local memory control logic is resident in the 
processor so VRAM and DRAM chips can be connected 
directly to the processor with a minimum of glue logic 
and no dedicated memory controller is required. The 
TMS34010 is also exceptional in that its address space 
extends over 128 Mbytes to accommodate the biggest 
VRAM bit-maps. 

The largest area of Fig. 4 and the largest area on the 
silicon chip is taken up with the microcontrol ROM 
which orchestrates the movement of data within the 
chip as it executes each machine code instruction. The 
size of the control ROM isa reflection of the large num- 
ber of optimised instructions built into the TMS34010. 
These instructions allow the programmer to refer to the 
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bit-map directly using an X,Y co-ordinate address mode, 
leaving the chip to compute the absolute memory 
address itself. 

Another strong graphics feature hinges on the ability 
of the processor to move large amounts of data about in 
memory very quickly. The re apease also has the ability 
to look at data not just at bytes and words but also as 
pixel groups whose bit size can be posse by the user. So 
it is possible to effect pixel block transfers (‘pixblts’) 
easily from machine code, particularly if use is made of 
the x,y addressing mode. 

The pixblt operations enable 2D bit arrays to be 
moved around in memory at high speed and are especially 
useful for moving graphical entities about within the bit- 
map. For example, characters from a text font can be 
treated as 2D arrays of pixels and pixblt operations may 
be used on them to achieve smooth scrolling effects. 

Pixel blocks can also be combined with each other 
arithmetically before displaying them on the screen so 
transparency masks can beset upto protect certain parts 
of the display or to protect certain colours, 


The IC mask of the Texas TMS 34010 graphics processor. 
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Fig. 5 Outline architecture of future computers. 
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This month's cover shows TM34010 demos. (a) two rotating 
cubes in a wire frame tunnel demonstrating real time 3D 
animation. (b) a screen full of text with an inset of scrolling 
text, all performed by the graphics processor. (c) high 
speed pattern-fill demos, (d) solid cube rotated in real time 
with salient measurements, (e) video image processing — 
zoom, (f) perspective projection of a surface. (g) colour 
blend demo with only four bits per pixel. (h) ETI in the 
numerous fonts supported by the TMS34010, (i) simulated 
ECG display — the traces move! 


Typical System 


Figure 5 shows a typical system incorporating a 
T™MS34010 in a configuration that could set the norms 
for petearal computers of the future. Such a system 
could be designed to provide a display of resolution 
1024x1024 using perhaps 4 bits per pixel. The colour 
palette shown in Fig. 5 acts as a look up table such that 
the 4 bits per pixel can define any 16 colours from a 
palette of 4096. The 16 selected colours can also be 
changed at the end of each displayed line by reloading 
the palette control registers. 

It should be remembered that the TMS34010 is 
designed as a general purpose 32 bit processor optimised 
for graphics work so micro designers looking to cut costs 
could. dispense with the host section of the architec- 
ture altogether! 

The resulting system, built entirely around a 
T™4S34010 would retain the graphics performance of 
the personal computer while being cheaper and simpler 
to manufacture, a system ideally suited to the home 
micro market. 

With amachine cycle time of 160ns the graphics pro- 
cessor is capable of drawing lines at the rate of 1.25 
Mpixels per second and placing bit-map text at 43k 
characters per second. The number crunching capacity 
of the chip also enables it to cope with the real time 
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These four screen shots show a black and white video 

image captured with the graphics processor and then 
manipulated in memory. Top: the original picture. Upper 
middle: The effect of a low fass filter with loss of sharp 

edges. Lower middle: historgram equalisation of the # 
image. Bottom: Demonstration of a zoom. 
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animation of 3D graphics. Rotating wire frame diagrams 
seen no great problem and the programming effort can 

e minimised by providing the user with high level 
language procedures to apply three dimensional per- 
spective and rotational transformations. The program- 
mer simply has to dump the co-ordinates of his 3D 
objectintoan array, apply the transform and perspective 
procedures and let the chip do the rest. 

There are obvious applications for graphics pro- 
cessors in displaying computer graphics on VDUs but 
these processors are also able to control laser printers. A 
laser printer operates by dumping information to be 
printed into a memory bit-map. The contents of the bit- 
map can then be scanned out toa laser which writes ona 
spinning photosensitive drum. 

The drum becomes electrostatically charged accord- 
mate the scan pattern of the laser and attracts powdered 
ink. The inked drum can then print to paper in the same 
way a photocopier prints to paper. Laser printers offer 
exceptionally high speed and high resolution printing. 
To achieve their full potential the information in the bit- 
maps has to be managed efficiently and graphics pro- 
cessors can provide the necessary management 
functions, 


Future 


The graphics processor is now being designed into 
the next generation of personal computers as a standard 
feature, In two or three years time when the cost of the 
device has fallen even further it will begin to look very 
attractive to the manufacturers of micro-computers. The 
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graphics processor could appear as an add-on board 
transforming the performance of an existing micro or 
alternatively it could be placed at the heart of a custom 
designed machine. 

The appearance of these advanced micros will posea 
challenge to the writers of software who will be able to 
produce real-time animated 3D graphic displays of 
outstanding quality. Games software will become con- 
siderably more sophisticated to utilise the more power- 
ful hardware. Micro operating systems will also tend to 
imitate those of the bigger office machines in that there 
will beamove towards the controlof computers through 
mouse and VDU rather than through the keyboard. 


Image Processing 


One of the most intriguing applications of future 
micros may lie in the area of image processing. It so hap- 
pens thatthe VRAMS which make up the bit-map can be 
made to work in reverse so that a digitised bit stream 
from acamera can be fed into the shift register and dum- 
pes tothe memory array. Once captured an image could 

e processed for enhancement or special effects pur- 
poses before being redumped to a screen. 

The emergence of the graphics processor will stimu- 
late several exciting developments over the next few 
years. Although the current price puts these devices out- 
side the range of most ET! pockets we shall all surely be 
seeing a lot more of the graphics processor in the 


future. 
ETI 
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Kits — Modules — Hardware 


YOU KNOW US FOR OUR TRANSMITTER KITS— VOW 
TAKE A LOOK AT OUR GROWING RANGE OF 
QUALITY KITS AND READY-BUILT PROJECTS 

MODULES AND ELECTRONIC HARDWARE 


The following are examples of our proven product designs in 

kit form: 

%* Miniature FM Transmitter; 60-145Mhz. Kit £6.95; R/Built £8.95. 

* 3 Watt FM Transmitter, 80-108MHz. Kit £13.99; R/Built £18.99. 

* 10 Channel Variable Speed Running Light; Drives LEDs or mains 
lamps. Kit £14.97 

* 3 Note Electronic Door Chime unit; 9 volt operation, 3 melodious 
tones; variable frequency. Kit £9.83. 

* 300 Watt Light Dimmer unit for 240 volt mains lights. Kit £6.95 

* 5 Code Digital Code unit plus Key Pad—select own code; 9 volt. Kit 
£14.21, 

* 5-100 Watt Electronic Loudspeaker Overload Protector, adjus- 
table. Kit £11.11. 

* VU Meter 10 LED indicator; —5 to +12dB range. Kit £12.59. 

* Automatic light controller; automatically turns on and off lights at 
pre-set times and triggered by darkness. Kit £25.08. 

* Mains Wiring and Meta} Detector; complete with case. £11.00 

* Digitial Clock module; 12-24 hour timing; LED type—f£17.49, or 
LCD type—£22.80. 

* Amplifier Power Meter; 10 LED indicator from 0-25-—100 Watt 
Input—9 volt operation. Kit £9.52. 

* Light sensitive relay unit; variable sensitivity trigger control; senses 
light or dark—selectable. Kit £8.45 


ALL KITS CONTAIN FULL {NSTRUCTIONS: P.C.B.s AND COMPONENTS. 
ALL PRICES INCLUDE VAT AND POSTAGE & PACKING. 
OVERSEAS ORDERS—ADD 10% TO ABOVE PRICES. 
PLEASE SEND CHEQUE OR POSTAL ORDERS WITH ORDER. 


* 


Zenith Electronics, 14 Cortlandt Business Centre, 
Hailsham, E. Sussex, U.K. BN27 1AE. 


Tel: 0323 847973/04353 2647 


TRAINEE 
RADIO 
PPE Ro 


Are you looking for o secure shore-based job which offers 
a rewarding career in the forefront of modem Tele- 
communications technology... Ihen consider 
joining GCHQ as 0 Trainee Radio Otticer 
Voining involves 0 32 week residential 
course, |plus 6 weeks extra # you cannot 
touch type} offer which you will be 
appointed RADIO OFFICER and undertake 
a variety of specialist duties covering the whole 
of the spectrum from DC to light. 
We offer ” Sm Job Security ‘Good 
Career Prospects - Opportunities 
for Overseas Service - Attractive 
Salaries... and much more, 
To be eligible you must hold or hope 
to obtain an MRGC or HNC ina 
Telecommunications subject with 
an ability to read morse at 20wpm. 
Anyone with PMG, MPT or 2 years relevant radio operating experience is also eligible. 
The Civil Service is an equal opportunities employer 


Salaries: Staring pay for trainees is oge pointed to 21 years. For those aged 21 
or over entry will be ot £6,572. Alter training an RO will start at £9,758 rising by 5 
annual increments to £14,387 inclusive of shift and weekend working allowance, 
"es or telephone for on application 
form to:— 


THE RECRUITMENT OFFICE. GCHQ, ROOM A, 1108 
OAKLEY, PRIORS ROAD, CHELTENHAM, GLOS GL52 5A 
OR TELEPHONE (0242) 5291205 
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DESIGN 


ONCEPTS 


Mike Barwise continues his pulse 
he looks at criteria for designing t 


expander to the system. 


have now reached the final, practical stage 

W: our pulse generator design. | have chosen 
to distribute the generator across several 

PCBs, It would otherwise be difficult to find a con- 
venient case for it and anyway the various functions 
are better kept separate for performance reasons. 

This modularity also allows potential future 
upgrades, Using the industry standard extended 
single Eurocard (100mm x 220mm), a half width 
(8.5in) Eurocase will accommodate our design, which 
will consist of four boards in the first instance. 

The common connector between boards is a 
DIN41612 C indirect with 96 ways. This allows the A 
and B rows to be used for pled ae Seg pe program- 
ming register bus (44 bits) and clocks, leaving the C 
row for use by the control microprocessor. When 
dealing with such a large pin count, confusion bet- 
ween pin names is likely to arise, so all microprocessor 
signals will be prefixed ‘PRO...’. 


Increasing Generator Range 


Referring back to the February 1987 issue, we see 
that the basic 1000:1 range of the pulse generator can 
be increased by the addition of a decade programm- 
able clock divider. This is the board we will build this 
month. It provides four decade ranges for each of the 
a abt ok of the pulse — period, delay and width. 

his divider is a lot simpler than the pulse generator, 
as the counters are allowed to free run. 

In order to create decade ranges, the 74F168 
decade counter is used. This is a direct plug-in 
i aia for the 74F169 used elsewhere in this 

esign. 

The circuit (Fig. 1) consists of a master clock 
oscillator, a four decade synchronous divider chain 
and a four to one multiplexer for each of the three 
outputs required, One multiplexer is obligatory ser 
period), the delay and width multiplexers being 
optional but hignly recommended as they allow much 

reater control. The cost of two extra multiplexers 
about £5) is well worth it. 

The multiplexer outputs are buffered by a 74F244 
to allow sufficient drive for the pulse generator board. 
If you want to go cheapskate and use only one multi- 
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seme then the three signal lines are paralleled just 
efore the buffer inputs by fitting LK1 and LK2. 

There are a couple of unusual points about this cir- 
cuit. First, the use of a proprietary oscillator is recom- 
mended, as the construction of stable high speed 
crystal oscillators is not to be taken on without 
experience. 

Secondly, referring back to our previous discussion 
of cascaded counters, we find that the outputs are 
normally short ‘ticks’ from the RCO pins and it is 
worth mentioning that there can be unwanted glitches 
at these pins. 

This glitch hazard is covered by the logical AND 
combination used in the pulse generator proper but it 
is obvious that for both these reasons an individual 
RCO output is unsuitable here as a clock signal (which 
should be a clean square wave). 

The solution is to double the speed of the input 
clock and then use the QO (divide by two) output of 
each counter. The output is then a good 50/50 mark— 
space ratio square wave at half the effective rate of 
each counter. 

So the first stage effective rate is the input clock 
rate (say 20MHz) yielding an output of 10MHz, the 
second stage effective rate is 2MHz (divide by ten) 
yielding an output of 1MHz and so on. 


Resolution And Clock Rate 


A couple of readers have told me | did not make 
my comments on pulse generator resolution quite 
clear enough, so here goes with some _ further 
clarification. 

The programmable counters are clocked at the 
input clock rate selected by the range board. It is not 
possible, however, to program a counter to divide by 
one. The lowest functional modulo is in fact two. This 
means the shortest period programmable is twice the 
clock period. 

However, it is possible to program the period to all 
other multiples of the clock period up to maximum. 


. So the programmable increment in period (the resolu- 


tion) is equal to the clock period with a minimum of 

two clock periods. With a 10MHz clock you can pro- 

gern pales of 200ns, 300ns and so on, and with a 
OMHz clock, 100ns, 150ns, 200ns etc. 
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NOTE: 

IC} = 10D 10X0-500 40MHz 
1C2-5 = 74F 168 

IC6-8 = 74F 153 

IC9= 74F244 


Fig. 1 The circuit diagram of the range board. 


Once we use our counters to create a pulse 
generator this minimum period of two clock periods 
must be taken into account for each counter. It is 
apparent that when both delay and width are pro- 
Baminier to their minima of 200ns (10MHz clock), 
the overall period must be programmed to 400ns or 
greater, yielding a maximum frequency of 2.5MHz. 
Even though 100ns increments generally provide ade- 
quate resolution for our pulse generator, the use of a 
20MHz clock giving 50ns resolution to each counter 
doubles f,,,, to 5MHz. 

The final circuit of the generator board (coming 
next month!) will allow a zero delay option to permit 
working to around 10MHz depending on the 
oscillator selected. 

| am standardising on the 40MHz crystal (2OMHz 
clock) for the moment (the software depends on it to 
some extent) so | would recommend it all round. 

| hope this dispels any confusion about resolution. 


DIN 41612 


"Tat 
Fig. 2 The suggested layout for the range board. 
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The pulse generator as a whole has about half the 
resolution of a single programmable counter, due to 
the cascaded delay and width stages. 


The PCB 


| have already mentioned how the 74AS and 74F 

series TTL required for the 20MHz version of the 

ulse generator require special consideration when 
aying out the PCB. 

If normal 74LS series TTL is used (for a 10MHz 
ulse generator) the PCB layout is not critical. 
owever, assuming that we are using the 74F or 74AS 

high speed TTL chips, the bulk of the handling precau- 
tions are accomplished by a board topside consisting 
entirely of Vcc and ground planes, This is shown in Fig. 
4 


Note that the IC packages should be well spaced 
apart but that interconnections should generally be 
no more than two inches or so long. 

The topside foil has been designed for use with 
both the pulse generator board and the range board 
so more pilot holes for the IC pins are given than 
necessary for this particular circuit. For many pins in 
these positions the holes in the foil should be widened 
with a countersink drill bit (as they are at the backplane 
connector) to give clearance from the ground and Vcc 
planes as required by the circuit. 

The PCB tracking on the underside should be as fine 
as possible, ideally in the region of 0.02in, and the track 
density should be no greater than 0.05in. Each track 
should be of consistent width. 

Tracks which vary in width cause problems when it 
comes to predicting their dynamic characteristics 
(impedance, resonance and so on) at high speeds. Of 
course, tracks which carry heavy currents (eg output 
tracking from the driver/buffers) should be thicker, 
but not much more than say 0.05in, and the track to 
gap width ratio should be kept to about 50%, 
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PARTS LIST 


RESISTORS 
R1 20k 


CAPACITORS 
c1-9 100n ceramic 
C10 33-100n ceramic 


SEMICONDUCTORS 

1C1 IQD I1DX0-500 
40MHz 

1C2-5 74F168 

IC6-8 74F153 

Ic9 745244 


| MISCELLANEOUS 
PCB; DIN 46112 C 96/96 connector. 


BUYLINES 


|| All the parts for the range board are 
| | available from usual suppliers (such as 
Electromail and Vero) except the 
oscillator 1QX0-500 40MHz. This is 


available direct from IQDM North 
Street, Crewkerne, Somerset TA18 
7AR, Tel: (0460) 74433. 


CEEOL PETE EEL TITTLE aa eke 
< 


GN D 


— not used for the range board. 


Fig. 3 The backplane connector 
pinout used by the range board. 


These specifications represent a good rule of 
thumb for minimal crosstalk (spurious interaction) 
between adjacent TTL digital signals at up to about 
50MHz. Tracks thinner than 0.02in are difficult to etch 
(although boards using 0.01in tracking prove excellent 
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Fig. 4 The topside foil for the general purpose high speed TTL board. 


for small signal logic — if you can make them reliably). 
With tracks wider than about 0.05in, track capacitance 
starts to become significant in the 2OMHz region. 

The track/gap width ratio is mainly responsible for 
controlling the track to track crosstalk, and the (cons- 


U 


tant) spacing with respect to the ground plane on the 
topside is the primary factor controlling the charac- 
teristic impedance of the track. 

Tracking should be straight line/angular rather than 
‘soft curve’, but corners should (ideally) be turned in 
45 degree increments rather than 90 degree. More 
acute junctions than 45 degree are never permitted. 
Not only can these radiate at high frequencies but 
they pose considerable etching and soldering problems. 


Construction 


The only safe approach when using a 20MHz or 
faster system is to use a PCB. Remember that your 
master clock oscillator is running at 40MHz. Sockets 
should be used for all components, including the 
oscillator, as this allows easy servicing and upgrade. 
Only good quality low profile turned pin sockets 
should be used. If these look a little expensive, Augat 
produce a very good coined contact alternative which 
is available from various sources, but standard Vero 
sockets are ideal. 

Turned pin sockets have integral stand-offs on the 
pins, Where ground and Vcc connections are needed, 
these should be soldered direct to the supply planes 
on the gore Pins not grounded or connected to 
Vcc should pass through clearance holes in the 
ground plane. 

If you have to countersink these holes yourself, it is 
quite important to leave some oe dae between adja- 
cent pins to screen them from each other. However, it 
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doesn’t take much so don't risk pins shorting to 
round by being too cautious with the countersink. 
ote that a spot face cutter is not suitable. Its nose 

angle is too obtuse so it will be very difficult to get the 

cutouts centred about the holes in the PCB. 

Of course any links on the topside of the board 
must be insulated. It pays to form the links tidily with 
a pair of pliers. The best stuff is 22 SWG or 24 SWG 
tinned copper wire and 0.7mm bore PTFE (heatproof) 
sleeving (both available from RS). 

Though neatness is a lot of trouble, the results will 
well repay the effort. At the speeds we are talking 
about, neatness almost equates to reliability. 

For decoupling, try to get multi-layer miniature 
ceramic capacitors. The ordinary single layer discs are 
too big for comfort. The aim is to keep the board pro- 
file as low as possible, in any case not more than 0.6in 
total including the lead projection on the solder side. 
This is not very difficult to achieve in practice, but it is 
important, as the boards will have to be mounted 
together on a 0.8in pitch. 

Despite these contstraints, the only component that you 
won't be able to get from normal chip shops will be 
the oscillator. This is available from | b, North Street, 
Crewkerne, Somerset TA18 7AR. Tel: (0460) 74433). 

Next month I shall give the recommended PCB 
underside foil pattern. Meanwhile you are welcome to 
try your hand at ceaming your own. 

ext month | shall also look at the design of the 
main pulse generator board. 
ETI 
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RACK STYLE CABINET 


* Suitable for instruments, high quality a piliors and many other purposes * Black anodisied 
aluminium front pane! enhanced with two handles * Aluminium version, wholly made of black 
anodised aluminium sheets * Metal version, rear box is manufactured from steel painted in 
black with aluminium front panel * Rack mount or free Standing. Customer who requires further 

| details, please send S.A.E. 
Panel Size Rear Box Price , 

WHiInch}WHD  & 
V7 2*10 
17 "3x10 
17*5*10 
TT*3"12 
17*5*12 
17*6,5%12 
15.5*3*9 
17*2.5*10 
17*6.5*12 29.95 b 

* Discontinued sizes, Special price valid while stock last. Please add £3.00 P/P for the first item 

and £1.50 for each additional |lem. Quantity discount available. A limited quantity of electronic 

kits at give away prices. SAE for details, Overseas orders welcome, 


Mail order only. To order send cheque/postal order, please allow up to 7 days 
despatch for cheque clearance. 


T J A DEVELOPMENTS 
53 Hartington Road, London E17 8AS. 


ELECTRONICS & COMPUTING 


lM Lele .Y 88 You don't have to continue working 

on things you don't believe in, with people who'd want 

you locked up if they knew what you really thought... 
Promoting Equality of Opportunity, For businesses and 


people who want a say in how their technology is used. 
EfP Ltd., 28 Miisom St, BATH BA1 1DP (0225) 69671 


EXCHANGE RESOURCES 


that rewards you for ethical decisions? And deal with 
businesses which respect your views? 


BATH 0225 69671 


Interak 1 


AN EXPANDABLE DISK-BASED 
Z80A DEVELOPMENT SYSTEM 
YOU CAN BUILD YOURSELF! 


Universities, Colleges, Industry, Enthusiasts: 


Unlike home computers, developmentsystems haveentirely 
“open” architectures, use standard TTL etc. chips {ie no 
ULA's!), and are built in a proper engineering fashion. Usu- 
ally these superior products a a correspondingly 
superior price tag, but you can build Interak yourself board 
by board and thus afford a system which would normally be 
out of your reach and/or understanding. 


Sate Tar | woop eRe emrcreonte rs VSR A) RR | 
The initial development system has 64K of RAM, a 4 MHz 
Z80A CPU, parallel ASCII keyboard interface, VDU Interface 
(TV setor monitor), anda floppy disk drive interface for up to 
4 drives. Any size (including 8” double density) can be used, 
but our 1 Megabyte 3.5" drives are proving very popular 
because they can fit into the ren rack, (and they only 
cost £94.00 each + VAT). CP/M Plus is available, giving 

access to thousands of “public domain” programs. 


The system can be described as “future proof” because it 
uses plug in 4.5" « 8” cards in an industrial quality 19” 3U 
rack. We have been established since 1970, and this system 
was first made in 1977 so (unlike almost all other computers) 
it has stood the test of time. 


Send two second class stamps, or telephone for a 
detailed descriptive leaflet, specification, prices, etc. 


Greenbank 


Greenbank Electronics (Dept T5E), 460 New Chester Road, 
Rock Ferry, Birkenhead, Merseyside L42 2AE. Tel: 051-645 3391 
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CIRCUIT THEORY 


Paul Chappell starts a new series looking at the theory behind 


circuit design. 


ways was illustrated by last month’s article on 

snubber networks. When faced with a problem 
like misbehaving snubbers, trial and error may even- 
tually lead to a working circuit but you can never be 
sure that the component values selected in this way 
are the best ones for the job. There may be some pro- 
blem which will only make itself known when the cir- 
cuit catches fire a week later or if you make up 
another circuit with the same component values and 
slight variations in their characteristics cause it to fail. 
The only way to be sure is to analyse the circuit. 

Analysis is one side to the circuit theory coin. The 
other is synthesis. Suppose that you come to the con- 
clusion that a new music processor you are designing 
needs a network with certain phase and frequency 
response characteristics. How do you go about mak- 
ing one? 

The techniques of circuit theory aim to make the 
analysis and synthesis of circuits as simple as possible. 
It may seem otherwise when the ideas are unfamiliar 
to you but as every student of Zen knows — the road 
may be hard and painful, but the eventual enlighten- 
ment will make it all worthwhile! I'll begin by taking 
some of the main playing pieces out of the box to see 
what kind of moves they make. 


T he fact that simple circuits behave in complicated 


Linear Circuits 


Every electronics enthusiast has an intuitive idea of 
the meaning of a linear circuit. If pressed to give a 
definition, | imagine most would come up with some- 
thing like: ‘A circuit in which the output is propor- 
tional to the input’. This is a good description of a 
special class of linear circuits (often called ‘DC cir- 
cuits’) but it’s not the full story. 

To qualify for the title ‘linear’, a circuit must have 
two properties, The first is that the output must vary in 
proportion to the input, but needn't be the same 
shape. (If it is the same shape, we have the special 
class of DC networks — amplifiers, attenuators and 
suchlike), 

This is known as the principle of proportionality 
(what else?), and stated formally it looks like this: 


If an input e(t) produces an output r(t),then an 
input Ke(t) must produce an output Kr(t). 


An illustration of Jb putida is shown in Fig. 1. 
The circuit is shown with a square wave input, but to 
qualify for proportionality this property must hold for 
any input whatsoever. 

The second property is this: if you know the output 
produced by one waveform and you also know the 
output produced by another then the output caused by 
the two waveforms added together must be equal to 
the two individual outputs added together. It’s a bit of 
a mouthful, but | hope that Fig. 2 will make it clear. 
This is known as the principle of superposition. Stated 
formally it is: 


If an input e,(t) produces an output r,(t) and 
an input eft) proces an pupae r,(t), then an 
input e,(t)+e,(t) must produce an output 
r(t)+r,(t). 


Once again, this must hold for any pair of inputs 
whatsoever. The reason for using e for the input, by the 
i is that if we want to be pedantic about it, it is 
called the excitation (or stimulus, so | suppose we 


could equally well use s). Also, i(t) suggests that the 

input must be a current. It can be, but it needn't. The 

output is formally called the response — hence the r. 
he reason that linear circuits are dear to the 


Superposition is a great ripe because it means 
that if you are faced with the problem of deciding the 
output produced by a complicated waveform, it can 
be split into parts and each part can be dealt with 
individually. The response to the complicated 
waveform ts then obtained by adding the simple parts 
together. 

You’ve probably done this yourself on numerous 
occasions without even being aware of it! Whenever 
you arrange the DC conditions for an op-amp, for 
example, you make the implicit assumption that the 
DC level and the AC apm can be dealt with indepen- 
dently. This is a special case of superposition in which 
one of the inputs is a fixed voltage. 

There is another application of superposition that 
is so deeply ingrained in the thought processes of any 
electronics person that it seems an unquestionable 
eternal truth. !’ll come on to it next month, but in the 
meantime you might care to fathom out what it is. 
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Figure 3 shows some linear and non-linear circuits. 
Before reading any further you might like to try decid- 
ing which are which. If they pass the proportionality 
test and the superposition test then they are linear. If 
alg fail either one, they are not. 

igure 3a is an inverting amplifier. | don’t think | 
need to say too much to convince you that this is 
linear. Amplifiers belong to the special class of linear 
DC circuits which have the property that the output is 
equal to the input multiplied by a constant. 

As an exercise, you might care to try proving that 
all such circuits must exhibit proportionality and 
superposition. It’s not difficult and will give you a 
chance to flex your mathematical muscles a little. 


tg) 


Figure 3b is a simple resistor attenuator and 
belongs to the same class of linear circuits as the 
amplitier. In fact, any resistor network whatsoever is 
linear and will produce an output equal to the input 
multiplied by a constant. 

Figure 3c is clearly not a DC network — the 
response to any constant voltage level will always be 
zero. However, it is linear, and could very well be the 
circuit inside the box of Figs. 1 and 2. 

Figure 3d is a comparator. It fails the propor- 
tionality test immediately. Any input will either pro- 
duce a switch from one voltage level to another or no 
output at all. That is not linea 

igure 3e is a Sallen and Key low pass filter 
pane pasate (common or garden variety) and is 
inear. 

Figure 3f passes the proportionality test for any old 
waveform but fails on superposition. A pair of inputs 
that would catch it out on superposition would be two 
square waves 180° out of phase. 

Figure 3g is linear. In tact, to give the game away, 
any combination consisting only of resistors, 
capacitors, inductors and amplifiers will be linear. 


Respect 


The only limitation 1 can think of is that inputs and 
outputs must be respected. That is to say no two 
amplifiers should have their outputs connected 
together, the input to a network should not feed 
directly into the output of an amplifier, and so on. A 
formal proof would be tedious and unenlightening but 
rests on the fact that resistors, capacitors and induc- 
tors are themselves linear, so any combination of 
them will also be linear. 
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Figure 3h. What can | say about this one? Anybod 
can recognise it at a glance as a comparator wit 
hysteresis, so it seems to contradict my previous state- 
ment. Or does it? The reason it works as a comparator 
is that the output of the op-amp bangs up against one 
or other of the supply rails. In other words, it works 
because of the practical limitations of real-life op- 
amps. Strictly speaking, the circuit is an amplifier with 
infinite gain! 

Circuit theory does not recognise any practical 
limitations on components. All resistors obey Ohm's 
law to the letter. Capacitors don’t leak, inductors don’t 
saturate and amplifiers aren't restricted by supply 
voltages. This may seem like pedantic nonsense but 
there’s a good reason for it. 

Imagine that your TV set suddenly goes on the 
blink. You could reasonably claim that any method of 
analysis which did not predict that on the 12th of 
March at 10.15pm ignu picture would go wonky is in 
some way flawed. If it Hap penen in the middle of the 
Dirty Dan show, you might express that very opinion 
to the repair man in rather ruder terms, 


Ideal Components 


There are two approaches we could take to make 
the analysis more realistic. We could draw a circuit 
and label it like this: R1 is a low grade resistor that’s 
likely to fail at any moment, L1 is a coil with a loose 
core, C1 does peculiar things when it gets hot, and so 
on. If you want to analyse a circuit like that, good luck 
to youl 

The other approach is to pretend that all compo- 
nents are ideal, and to add in more ideal components 
to represent the deficiencies. You've all seen circuit 
models similar to Fig. 4, where the ideal capacitor is 
made a good deal less ideal by the addition of resis- 
tors to represent leakage and effective series resis- 
tance, and an inductor to represent the inductance of 
the internal foils (and to a much smaller degree the 
inductance of the leads). The advantage of this 
approach is that you can see exactly what’s causing 
the problem, Since all the individual components are 
ideal they are nice and well behaved when you come 
to write equations about them. 

Let’s face it, there’s no such thing as an op-amp in 
real life. What you can buy are devices which behave 
enough like op-amps over a very limited range of 
voltages and frequencies to be allowed the name. 

Resistors are well behaved over a limited range. 
Too much current and the nice Ohm’s law line begins 
to sag. Much more current and they burn. 

Capacitors are much less well behaved. Certain 
pees of ceramic things are so unlike capacitors in 
their behaviour that I’m surprised the consumer 
organisations allow them to be sold under that name! 
Probably they've never studied circuit theory. 

Well, Zen students, that’s quite enough for you 
to meditate on for this month, Ommm, Ommm, 
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24HR SUNDIAL 


The April issue of ET! would not be the same without at least one 
foolish item. This year we present the project for the man (or 
woman) with everything. 


oldest accurate timepiece. 
Once early scientists had 
sorted out what was happening in 
the heavens above they soon 
found a sundial provided a reading 
of the passage of time as accurate 
. could be expected in those 
ays. 

The conventional sundial works 
ona very simple principle. The 
Sun, as any informed 16th century 
astronomer will tell you, moves 
around the Earth in a pretty 
predictable manner. 

So it casts a shadow from a 
stationary edge that will move 
across a scale and mark out the 
passage of the elusive time. 

In the UK the conventional 
sundial suffers from a few 
problems. First, it requires a 
suitably exposed stretch of garden 
to put it in. With 50-odd million 
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T he humble sundial is the 


timepiece with all the simplicity 


people now crammed into this 
country, suitable gardens are 
getting hard to come by. 


Sunlight 


More importantly, during the 
night there is no sunlight. Although 
the conventional sundial will wor 
with moonlight, this is not a very 
effective solution. 

Just to make things worse, 
sundials situated in the UK find 
very little sunlight even during the 
day! It is only fitting in this 15th 
anniversary issue that we present a 
project that would not be 
necessary in the country of origin 
of ET!| — Australia! 

Sunlight, then, is both the 
crucial ingredient and the downfall 
of the conventional sundial in the 
UK. So the ETI 24hr Sundial has 
been created to provide a 


oe 
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and charm of the original but 
better suited to the modern British 
lifestyle. 


Artificial Sun 


The major breakthrough is that 
the ET! Sundial more closel 
imitates the true nature of the 
Solar System. Now the source of 
the light remains stationary and 
the dial revolves round to Indicate 
the time on a suitable scale. 

The ETI Sundial is designed to 
sit in your living room close to a 
suitable source of artificial light. All 
you need do then is plug it into 
the mains and let nature take its 
course. 


Construction 


Building the PCB should 
present few problems. Care 
should be taken to insert all the 
capacitors the correct way around 
as shown in Fig. 2. 

The wiring of the seepent motor 
will depend on the model used. 
For the RS motor used in the 
preyee the wiring is as shown, 

The link should be fitted from 
pad A to either pad B or C, This 
determines the direction of 
rotation of the dial. This may have 
to be altered to suit the stepper 
motor used, 

The secondary of the mains 
transformer should be connected 
to the pads shown and the prima 
connected to a mains lead via a 1 
fuse. The mains earth should be 
connected to the PCB earth as 
shown for safety. 

The operation of the stepper 
motor and its correct direction of 
rotation can now be checked. 

The gearbox specified simply 
bolts onto the stepper motor after 
a small sprocket (supplied) is 
glued onto the motor spindle. The 
whole motor assembly is then 
bolted to the underside of the top 
of the case using countersunk 
bolts with the final drive spindle 
protruding through a hole. 

The dial itself should be drawn 
onto a piece of stiff card or the 
design given here (Fig. 3) 
photocopied and stuck onto a 
suitable base. This should then be 
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stuck onto the gearbox spindle. A 
small plastic gear was used on the 
prototype to form a mounting for 
the dial. 

The shadow caster can be 
anything from a simple rod stuck 
on top of the spindle to the more 
elegant swept triangular shape 
fixed to a (stationary) piece of 
clear plastic mounted above the 
dial as shown in Fig. 4. 

For the correct baroque effect 
it is essential the sundial is 
mounted on a suitable pillar. 
These are available moulded in 


HOW IT WORKS 


The circuit is simple enough, based as 
it is on the SAA1027 stepper motor 
driver chip (1C3). 

A 50Hz signal is obtained from the 
transformer secondary and inverted by 
Q1 to give 50 pulses per second. 

IC2 is an octal counter with the 
sixth output connected to the reset to 
give a divide by six action and 500 
pulses per minute at the number one 
output (pin 1). 

This is used to clock the motor 
driver chip (C3) and provide a rotation 
of 625 revs an hour. The gearbox has a 
gear ratio of 15,000:1 and reduces this 
to one revolution per 24 hours. 


BUYLINES 


All the parts of the ET] 24hr Sundial are 
easily available with the exception of 
the stepper motor and gearbox. These 


are available from Electromail (Tel: 
(0536) 204555) as type numbers 332- 
947 and 336-400 respectively. 
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Fig. 3 A suitable dial for the 24hr Sundial. 


genuine 16th century plastic from nameless to protect his 
your local garden centre. employment and his kneecaps). 

The clear elegance and e suggested the gearbox 
practicality of this project is should be fitted back to front, the 
perhaps best summed up by the dial replaced by rotors so the 
comments of one member of the whole circuit then doubles as a 
ETI staff (who shall remain helicopter! 

PARTS LIST 


RESISTORS all ‘sw except where 
indicated 
R1 47k 
10k 
12k 
R4 100R 
270R hw 


CAPACITORS 

c1 220. 25V radial 
electrolytic 

C2,3 10u 25V radial 
electrolytic 


SEMICONDUCTORS 

1c1 7812 

1c2 4022 

1c3 SAA1027 
Qi BC109 
BRI woos 


MISCELLANEOUS 
T1 


12V1A 

transformer 

M1 7.5° stepper motor 

GB1 15,000:1 

PCB; fuse and fuseholder; case; pillar; 

ee card; acrylic plastic; nuts and 
ts. 


PROJECT INDEX 


Project 


AUDIO 


2W Power Amplifier 

50+50 watt power amplifier module 
50/100W amplifier modules 

100W disco mixer/amplifier 

100W guitar amplifier 


100W MOSFET power amplifier 


100W stereo disco console 


150W MOSFET amplifier 
200W power amplifier 
300W amplifier module 
2040 11 active loudspeaker 
Active-8 loudspeaker 


Active bass loudspeaker 
Active crossover, two or three way 


Active loudspeaker 
Active loudspeaker, 2040 II 


Amplifier, 2W power 
Amplifier, 15 w.p.c. 

SQ quadrophonic 
Amplifier, 50 w.p.c. stereo 


Amplifier, 1}OOW disco mixer 
Amplifier, 1OOW guitar 


Amplifier, 10OW MOSFET 


Amplifier, 150W MOSFET 

Amplifier, 200W 

Amplifier, 12V DC portable radio 
booster 

Amplifier, Audio Design 


Amplifier, bench (Short Circuit) 
Amplifier, bench 
Amplifier, bench 
Amplifier, combo (ETI Sonneti) 


Amplifier for personal hi-fi systems 
(ETI Walkmate) 
Amplifier for record players 
(Using the LM380) 


Amplifier for stereo testing 
Amplifier, guitar effects 


Amplifier, guitar practice 

Amplifier, miniature (ETI Matchbox) 
Amplifier module, 50+50 watt 
Amplifier module, 300W 

Amplifier modules, 50/100W 
Amplifier, portable PA 


Amplifier, simple, 1.5W 


FIFTEEN YEAR INDEX 


Errata 


Errata 
part 1 
part 2 
part 3 
Errata 


part 1 
part 2 
part 3 
part 4 


part 1 
part 2 


Errata 


Errata 


part 1 
part 2 


Errata 


Errata 


Project 


Amplifier, simple stereo 
Amplifier, stereo, 5 w.p.c. 


Amplifier, stereo (ET| Microamp) 
Amplifier, stereo, International-25 


Amplifier, stereo, ‘Sweet Sixteen’ 
Amplifier, System A 


Amplifier, the Audiophile 


Amplifiers, phono, high quality 

Attenuator, variable 0-59dB 

Audio analyser 

Audio buffer 

Audio Design amplifier part 1 
part 2 
part 3 
part 4 
Errata 

Audio frequency meter, 50Hz-10kHz 

Audio level meter 

Audio limiter 

Audio noise generator 

Audio millivoltmeter, ‘A’ weighted 

Audiophile amplifier system 
Errata 

Audiophile FM tuner 

Audiophile moving-coil preamplifier 
Errata 
Errata 

Audio power meter 

Audio power meter 

Audio power meter 

Audio source selector, digital 


Audio spectrum analyser 


Audio test oscillator, 30Hz-60kHz 
Audio wattmeter, direct reading 

0-50W 
Auto-Amp — 12V DC portable 

radio booster 
Auto volume control 
Balanced line preamplifier 
Bass booster 
Bass enhancer for small 

loudspeakers 
Bench amplifier (Short Circuit) 
Bench amplifier 
Bench amplifier 
Better sound for £2 
Bias optimiser for tape recorders 
Boosting amplifier output 
Bridging adaptor for the 

Series 5000 amplifier 
Bridging amplifier inverter 
Bridging two ETI 100w guitar 

amplifiers 
CCD phaser 

Errata 
Ceramic cartridge preamplifier 
Click eliminator part 1 
part 2 

Clipping indicator for power 

amplifiers 


I-| 


Project 


Combo amplifier (ETI Sonneti) 


Compander (compressor/expander) 
Compression gate, direct injection 
Compressor/limiter 


Digital audio selector 


Direct injection box 
Direct inject compression gate 
Disco console, 100W stereo 


Disco mixer 


Disco mixer, 4 into 2 

Discrete SQ decoder for 
quadrophonic systems 

Distortion meter 


Double Quad — ESLs in parallel 
Dummy load for audio testing 
Dynamic noise reducer 
Dynamic record noise filter 


Equaliser, combined graphic/ 
parametric (ET! Paragraph) 


ETI 422 stereo amplifier 50 w.p.c, 
ETI ER I! loudspeakers 


ETI Master Mixer 


Expander/compressor 
Experimental preamplifier 
FET four-input mixer 


Five watt stereo amplifier 


FM mains distributor 
FM tuner, the audiophile 
FM tuner, the International 


FM tuner with digital frequency 
display 
FM tuner, PLL 


Four input mixer 

Frequency meter, audio, 
50Hz-10kHz 

Frequency shifter 

General purpose preamplifier 

Graphic equaliser, 1 octave filters 


Graphic equaliser, 1 octave filters 
Graphic equaliser, 1/3 octave filters 


Graphic/parametric equaliser 


Guitar practice amplifier 
Headphone adaptor 
Headphone amplifier 


High quality phono amplifiers 

Hi-lo pass filter, variable 

Hum filter (50Hz notch filter) 

Improving the response of 
economy loudspeakers 

Induction loop, portable 


Errata 


Errata 


Errata 


part 1 
part 2 
Errata 


part 1 
part 2 
part 3 


Errata 


part 1 
part 2 
Errata 
part 1 
part 2 


Project 


International-25 stereo amplifier part 1 
part 2 
Errata 

International FM tuner part 1 
part 2 
Errata 

LED VU meter 

Limiter, audio 

Line amplifier for microphones 

Loudhailer (Short Circuit) 

Loudhailer, simple 

Loudness control 

Loudspeaker, active 
Errata 

Loudspeaker, Active-8 part 1 
part 2 
part 3 
part 4 

Loudspeaker, active, 2040 II 
Errata 

Loudspeaker, active bass 

Loudspeaker crossover, active, 

two or three way part 1 

part 2 

Loudspeaker, ETi ER II 
Errata 

Loudspeaker, novel 

Loudspeaker protection module 

Loudspeaker squeaker 

Loudspeaker, V3 

Low-distortion stereo decoder 

Low-cost audio mixer 


Mains audio link 
Mains audio link, FM 
Matchbox amplifier 
Microamp stereo amplifier 
Microamp stereo test amplifier 
Microphone switching unit 
Millivoltmeter, audio, ‘A’ weighted 
Mixer, disco, 4 into 2 
Mixer, disco part 1 
part 2 
part 3 
Mixer, FET, four input 
Errata 
Mixer, four input 
Mixer, low-cost 
Errata 
Mixer/preamplifier for 
professional PA part 1 
part 2 
part 3 
part 4 
Errata 
Mixer/preamplifier, four input 
Mixer, stage, 16 into 8 part 1 
part 2 
Modular preamplifier part 1 
part 2 
part 3 
Moving coil head amplifier 
Moving coil preamplifier, Audiophile 
Errata 
Errata 
NAB equalisation stage 
(Free PCB Project) 
NDFL 60W power amplifier 
Errata 
Noise filter, dynamic, for records part 1 
part 2 
Noise gate 
Noise gate with compressor 
and DI box 
Noise generator, audio 
Noise limiter for tape 
Noise reducer, dynamic 
Novel loudspeaker 
Over-LED amplifier clipping 
indicator 


Sep 


Nov 
May 
Sep 

Oct 

Nov 
Dec 
Sep 

Nov 
Jan 


Dec 
Jan 
May 
Jun 
jun 
Jul 
Nov 
Oct 
Feb 
Jun 
Jun 
Sep 
Jun 
Apr 
Feb 
Jul 
Jul 
Apr 
Feb 
Jul 
Aug 
Sep 
Jul 
Aug 
Dec 
Jun 
Jun 


Apr 
May 
Jun 
Jul 
Oct 
Dec 
Jul 
Sep 
Dec 
Jan 
Feb 
Nov 
jan 
Feb 
Apr 


Mar 
May 
Sep 

Feb 

Mar 
Jul 


Dec 
Apr 
Feb 
Sep 
Jun 


Nov 


FIFTEEN YEAR INDEX 


1975 
1975 
1975 
1975 
1975 
1975 
1980 
1976 
1975 
1977 
1973 
1975 
1983 
1984 
1984 
1984 
1984 
1984 
1982 
1982 
1985 


1975 
1976 
1977 
1977 
1984 
1980 
1984 
1981 
1987 
1985 
1986 
1981 
1980 
1986 
1986 
1977 
1982 
1976 
1977 
1981 
1981 
1981 
1972 
1972 
1980 
1985 
1986 


1973 
1973 
1973 
1973 
1973 
1973 
1975 
1975 
1983 
1984 
1984 
1983 
1980 
1980 
1980 


1986 
1983 
1983 
1976 
1976 
1985 


1985 
1976 
1979 
1979 
1984 


1973 


Project 


Paragraph equaliser (combined 
graphic/parametric) 


Phaser, CCD 
Playmate guitar effects amplifier 


PLL FM tuner 


Plus-Two add-on decoder/amplifier 
Portable PA amplifier 


Power-bulge — inverter for 
bridging amplifiers 

Power meter, audio 

Power meter, audio, LED 

Power meter, stereo 

Preamplifier, balanced input 

Preamplifier, experimental 

Preamplifier, general purpose 

Preamplifier, modular 


Preamplifier, RIAA 

Preamplifier, RIAA 

Preamplifier, upgradeable 
(ETI Virtuoso) 


Preamplifier, valve 
RIAA equalisation stage 

(Free PCB project) 
Rumble filter, stereo 
Scratch and rumble filter, variable 
Series 5000 bridging adaptor 
Series 5000 MOSFET amplifier 
Signal line tester 
Simple amplifier, 1.5W 
Simple bass-reflex cabinet 
Simple loudhailer 
Simple loudness control 
Simple stereo amplifier 
Sonneti combo amplifier 


Sound bender (ring modulator) 
Sound pressure level meter 
Spectrum analyser, audio 
Spring line reverbration unit 
$Q decoder for quadrophonic 
systems 
Stabilised PSU for hi-fi systems 
Stage mixer, 16 into 8 


Stereo decoder, low-distortion 
Stereo image co-ordinator 


Stereo image width enhancer 


Stereo power meter 

Stereo rumble filter 

Stereo simulator 

Stereo simulator (Short Circuit) 

Stereo to quadrophonic up-grade 

Super stereo — effective width 
enhancer 


Sweet Sixteen stereo amplifier 
System 8000 tuner/amplifier 


System A amplifier 


Tape noise limiter 
Tape recorder bias optimiser 


FIFTEEN YEAR INDEX 


Errata 


part 1 
part 2 
Errata 
part 1 
part 2 
part 3 
Errata 
Errata 


Project 
THD meter 


Three channel tone control 
(Short Circuit) 
Tone burst generator 


Tuner/amplifier, System 8000 


TV sound tuner 

TV sound tuner 

Upgradeable preamplifier 
(ETI Virtuoso) 


Upgrading amplifiers PSUs 
Valve preamplifier 

V3 loudspeaker 

Virtuoso preamplifier — 

See Upgradeable preamplifier 
Visual complex sound analyser 
Voice-over unit 
VU meter, LED 
Walkmate (amplifier for 

personal stereos) 

Wattmeter, direct reading, 0-50W 
White noise generator, digital! 


BIO-ELECTRONICS 


Biofeedback monitor parti] Nov 1986 

pat2 Dec 1986 

Errata Mar 1987 
Direct-lon Jul 1986 
GSR monitor jul 1977 
Heart beat monitor Aug 1981 
Heart rate monitor Dec 1976 
Muscle meter (Electromyogram) Mar 1980 
Negative ion generator Jun 1982 


CLOCKS AND TIMERS 


1-2 hour.timers Oct 1976 
Comparator module for the digital 
stopwatch Jan 1976 
Digital alarm clock/calendar Sep 1973 
Digital clock May 1981 
Digital stopwatch Jan 1974 
Digital stopwatch Dec 1975 
Egg timer Aug 1977 
Humane alarm — alarm clock 
add-on (Design Competition) Feb 1983 
Long period timer, 1Min - 20hrs Dec 1979 
Meter beater Feb 1975 
Micropower pendulum Oct 1981 
Modifying the ETI digital alarm 
clock Sep 1976 
Multi-option clock Nov 1977 
Dec 1977 
Musical alarm clock Dec 1980 
Process controller/timer Jan 1980 
Rugby clock Aug 1982 
Sep 1982 
Nov 1982 
School timer Apr 1984 
Speaking clock Sep 1981 
STAC timer Sep 1981 
Oct 1978 
STD timer Nov 1976 
Stopwatch/calculator Apr 1976 
May 1976 
Universal timer Aug 1976 
Universal timer Jan 1981 
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PLL FM TUNER 


John Linsley Hood describes the construction of the main boards 


and the setting-up procedure for the complete tuner. 


PROJECT 


he complete stereo tuner is 
T assembled on five PCBs. The 

construction of the stereo 
decoder board has already been 
described (ETI February 1987) and 
the overlays for the Jalil four 


boards are given in Figs. 1-4. Each 
of these boards carries one section 
of the circuitry described last 
month with the exception of the 
largest board which carries both 
the VCO and the CA3189. 
Construction of the boards 
should present no problems 
provided the overlay diagrams are 
followed carefully. If you plan to 


A few errors have crept into the com- 
ponent numbering on this project. Two 
C28s are shown, one:in the stereo 
decoder circuit (Fig. 6, page 48, ETI 


February 1987) and one inthe IF <. 


amplifier circuit:(Fig. 8, page 37, bh 
e 


one in the CA3189 circuit (Fig. 9, page 
37,ETI March 1987), and two RV3s, 
the stero decoder circuit and 
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oops! 


use sockets for 1C3 and IC4 itis a 
good idea to solder these into 
place first. The remaining 
components can then be installed 
in the usual sequence, beginning 
with the resistors and capacitors 
and moving on to the diodes, 
transistors and ICs. A ready-wound 
coil can be used for L1 (see parts 
list) but more adventurous 
constructors may prefer to wind 
their own. The coil used on the 
prototype consisted of 21 turns of 
36 SWG silk-covered enamelled 
wire on a 4mm slug-tuned ferrite 
former, 


He 
avF 
g 


: 


n this mo 


The method of assembling the 
tuner will probably vary according 
to whether a are using the Hart 
Electronics kit or not. The 
complete kit includes a large 
motherboard onto which the five 
PCBs are soldered along with the 
tuner head and some smaller 
sections of the circuitry. This 
removes the need for complicated 
interwiring of boards and greatly 
simplifies construction. The 
mother board will be available 
separately from Hart along with 
the necessary instructions so even 
if you aren’t buying the complete 
kit you can still use this method of 
assembly. 


A Hart-Less Approach 


The alternative is to mount the 
five boards into a case usin 
se oS The boards, the 
tuner head and the various front 
panel controls can then be wired 
up using the information given in 
the overlay diagrams and the off- 
board components (indicated by 
asterisks in the parts lists) can be 
wired-up on Veroboard or tagstrip. 
The wiring of these components 
can be deduced from the circuit 
diagrams given last month. The 
connections to the tuner head are 
shown in Fig, 7 and a suggested 
layout based on the prototype is 
shown in Fig. 5. 

Particular care should be taken 
with the installation of the VCO. 
This has an output of around 
500mV peak-to-peak at 10.7MHz 
while the IF amplifier operates at 
the same frequency and has an 


U 


AF OUTPUT TO 
MUTING CIRCUIT 
AND AFC 


LIFIER 


PARTS LIST — 


oe a ria 


@ CONNECTION TO 
GROUND PLANE 


3189 PLL BOARD 


- €. 


> 


>. = 1 
CAG, 50, 51,66 


Powe « | 
Shad ¢ 
+ _ZD3 


MISCELLANEOUS 
Sig : 


input sensitivity of just 1uV. If 
appropriate precautions are not 
taken, the strong signal from the 
oscillator will almost certainly find 
its way into the amplifier input and 
apes the operation of the tuner. 

The solution is to screen the VCO 
entirely and to make sure its 
output wiring is kept well away 
from the IF amplifier input wiring. 
Sticking closely to the suggested 
layout will help. The Hart 
motherboard ts arranged so that a 
metal box can be placed over the 
VCO for screening. Those not using 
the motherboard could place the 
entire VCO/3189 board inside 
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a screened box which should then 
ne connected directly to the OV 
ine. 

The construction of the stereo 
decoder board was described in 
the February issue and the overla 
diagram includes all the off-boar 
connection details. Note that the 
stereo/mono switch (SW1) and 
the stereo width switch (SW2) 
have been combined in the Hart 
kit to form a single rotary control 
labelled Bandwidth. Constructors 
who are not using the kit may like 
to adopt this approach. 

There are also some small 
changes to the circuit which could 


+12V TO 
TUNER HEAD 


tO} 


+1BV IN 


CONNECTION TO 
GROUND PLANE 


\F INPUT FROM 
TUNER HEAD 


IF OUT TO 
3189 PLL BOARD 


Fig. 2 Component overlay for the 
10.7MHz IF amplifier board. 


PARTS LIST — 
SELECTIVE IF 


He 


= 


* 


a = 


usefully be made before the board 
is assembled into the tuner. As 
pointed out in the text, the 
decoder was intended for use with 
other stereo tuners as well as in the 
circuit described here, Since the 
completion of the prototype, it has 
become clear that some small 
changes to the filter characteristics 
would enable it to better match 
the performance of this tuner. The 
changes are shown in Fig. 6 and 
involve the addition of one 
capacitor in each channel, a 
change in one resistor value and 
the removal of one stage of output 
filtering. Constructors who have 
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Fig. 3 
Component 
overlay for the 
power supply 
board, Note that 
the AFC and 
AGC voltage 
networks are 
not mounted 
on the PCB and 
i that IC6 is on 
the 3189/PLL 
board. 


AFC TO TUNER HEAD 
VIA R70 AND SW4 
AND TO R58 ON 3189 
PLL BOARD 


INPUT CONTROL VOLTAGE 
FROM 3189 PLL BOARD 


+15V IN 


SWITCH SW3 


AF OUTPUT TO 
STEREO DECODER 


Fig. 4 Component overlay for the 
muting circuit board. Note that R70 
(see last month’s circuit diagram) is 
not mounted on the PCB. 
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D1,2 a 
‘sw3* 


PCB; ‘&pin “DIL, socket for 1C4 it: 


ee 


MISCELLANEOUS 
Mis es x: 


a PROJECT : FM Tuner 


made their own PCBs using the 
pattern given should have no 
difficulty fitting in the extra 
capacitors, while those who have 
yet to etch their boards will find it 
easy enough to add another set of 
pads in the space available. Stereo 
decoder PCBs supplied by Hart 
will include the extra set of pads 
and holes, 


Setting Up 

Good test instrumentation will 
make this task easier but it is 
possible to do a good job with 
quite basic equipment. The only 
essential item is a DC voltmeter 
and even this could be made up 
by soldering a 100k resistor in 
series with the 100uA tuning 
meter! 

Set all the preset 
pean and the slug in coil 

1 to the middle of their travels. 
Put the mute, AGC and AFC 
switches in the off position and, 
with no aerial connected, switch 
on the tuner, 

Before proceeding further with 
the setting-up, the AFC voltage 
needs to be set to a temporary 
middle value. Measuring the 
voltage on the wiper of RV6 and 
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can RIGHT 
SOCKETS 


POWER SUPPLY BOARD 
3189 PLL BOARD 
STEREO DECODER BOARD 


TUNER HEAD 


“NOTE NEW VALUES 


Fig. 6 Component changes in the stereo decoder circuit. Two capacitors are 
added (C63, C64), two resistors change from 2k2 to 2k7 (R17, R23) and the 
second stage filtering components (R18/C12, R24/C16) are removed entirely. 


+12V SUPPLY FROM 
€30/C31 


IF OUTPUT TO CR1 
AGC VOLTAGE FROM 
IC3 PIN 15 
OFF __. AGC VOLTAGE FROM 
SW5 o> POWER SUPPLY 
AFC VOLTAGE FROM 
R70 


AFC VOLTAGE FROM 
POWER SUPPLY 


Fig. 7 Connections to the FF317U 
tuner head. 


adjust it to +6V. A more precise 
adjustment will be made later. 
Measure the voltage at test peat A 
on the VCO (the junction of Q18 
collector, VC1 anode, C45 and 
R62) and adjust RV8 to give a 
reading of +9.5V relative to 
ground. Connect the aerial to the 
input and turn the tuning dial until 
a strong signal is indicated on the 
tuning meter. Using an amplifier to 
monitor the nares) signal at the 
output of the muting circuit (pin 7, 
1C4), adjust the slug in L1 untila 
signal is heard. Continue turning 
the slug so as to determine the 
limits beyond which the loop 


BUYLINES 


All the parts for this project will be 
available from Hart Electronic Kits Ltd, 
Penylan Mill, Oswestry, Shropshire 
SY10 9AF, Tel (0691) 652 894. The com- 
plete kit includes case, tuner head, 
tuning dial and everything else you 
need to build the tuner and costs 
£111.69. A kit containing just the com- 
ponents and the PCB is available for 
£82.82, the components and PCB for 
the stereo decoder section can be 
supplied separately for £15.21, and the 
FF317V tuner can be purchased on its 
own for £10.81. The PCBs for each 
section can also be purchased 
separately. All prices include postage 
and packing and VAT. Those who pre- 
fer to find the parts individually should 
not encounter too much problems. 
The resistors, capacitors and semicon- 
ductors are all widely available and the 
only ‘difficult’ items are L1, CR1-4 and 
CV1, all of which can be obtained from 
Cirkit, Park Lane, Broxbourne, 
Hertfordshire, EN10 7NQ. Tel: (0992) 
444 111. Please note the PCBs will 
not be available through the PCB 
Service. 


drops out of lock then leave it set 
to a position midway between 
these two extremes. 

The next stage in the nisShet up 
is to adjust the HF output leve 
from the VCO using RV4. Although 
the setting is not critical, the 
linearity and transient 

erformance of the PLL will suffer 
if the 3189 is driven too hard. 
Begin with RV4 at maximum 
resistance (equals maximum 
output) and reduce the resistance 
until the signal disappears, Then 
slowly increase the value again 
until there is no further increase in 
signal strength. 

The AGC and AFC circuits are 
set-up next. Adjust the tuning so 
that no signal is received an 
measure the voltage at the input 
to the muting circuit (junction of 
C52, R58 and R70). Note the 
reading and then transfer the test 
meter leads to the slider of RV6 
and reset this potentiometer to 
give the same voltage. Ideally, the 
voltage at the input to the muting 
circuit should be same when the 
tuner is off-station and when it is 
receiving a signal at maximum 
ae If it is not, tweak the slug 
in coil L1 until it is or until the best 
compromise is obtained. 

The ACC signal is adjusted by 
RV7 and is not particularly critical. 
A suitable setting can be obtained 
by tuning to a signal which reads 
full scale on the tuning meter and 
then adjusting RV7 to give a 
reading of about 80% of FSD when 
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AGC is switched in. 
The final adjustment is to set 
the mute threshold using RV5, and 
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weak signals to be picked up but 
may also allow some noise to get 
through on the skirts of the 
capture range. A good 
compromise is to set the threshold 
so that the signal disappears at a 
level just above the onset of noise 
as the loop loses lock. 

Instructions for setting-up the 
stereo decoder board were given 


at the end of the article in the 
February issue so there is no need 
to go through them here. The 
setting-up procedure is unaffected 
by the circuit changes mentioned 
earlier. 


In Use 


This circuit was developed 
from an earlier design which has 
been used by the author for some 
years. The original was generall 
considered by those who heard it 
to be superior in tonal quality and 
stereo image to any commercial 
unit which had been tried. In 
particular, the quality was such 
that differences between the 
signals offered by various BBC 
transmitters could easily be 
detected. For example, there were 
obvious differences in quality 
between the same programme 
signals coming from Rowbridge on 
the Isle of Wight, which has a 
direct radio link from the Post 
Office tower, and from North 
Hessary Tor which re-broadcasts 
the off-air signal from the Wenvoe 
transmitter. 

The updated design retains all 
the tonal quality of its predecessor 
and the differences in signal 
quality between various 
transmitters are even more 
apparent. This, plus the improved 
signal-to-noise ratio made possible 
by the 3189, makes it a design 
which should satisfy the most 
demanding listener. 

ETI 
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THE ETIFAKER 


Mike Bedford follows his explanation of computer interface 
standards last month with a useful RS232 patch box to build. 


he RS232 interface is a very 
; ‘un-standard standard’ 
because it is widely 
employed outside its intended 
area of application, The conse- 
quences of this in the interfacing of 
two apparently standard pieces of 
equipment can be decidedly 
tricky to the uninitiated. 

This article describes the 
construction of a piece of 
equipment to simplify the whole 
Tae of RS232 interfacing. 

though the hardware is very 
simple, the unit should save many 
hours of soldering and trying out 
the numerous lead configurations. 

It will be recalled that RS232 
specifies a serial interface for the 
connection of data terminal 
equipment (DTE) to data 
communications equipment 
(DCE). Figure 1(a) shows sucha 


(a) STANDARD 
CONNECTION 
OF DTE TO DCE 


iu) CONNECTING TOGETHER TWO 
DELS 9Y Ust OF A CROSSOVER 
ThOVEL. WH. ALSO CONNECT 
frie yy 


Fig. 1 Simple, possible and 
impossible RS232 connections. 


link crapieying Just the transmitted 
and received data lines and return, 
the control lines being omitted for 
¢larity. 

If we attempt to connect 
together two DTEs (or two DCEs), 
on the other hand (a situation 
which is contrary to the RS232 
specification but frequentl 
ic the situation in Fig. 1(b) 
or Fig. 1(c) applies. 

Obviously these configurations 
ust won't work. In such a situation 
the solution is to provide a cable 
with a crossover such as that 
shown in Fig. 1(d) so that each 
transmitter feeds into a receiver. 

It is not the intention of this 
article to go into great detail about 
RS232 control lines but exactly the 
same sort of situation can arise 
when the interface includes 
control lines. Once again we can 


The completed ETI Faker RS232 patch 
box. Accurate and comprehensive 
labelling of the front panel is essential. 


x 
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get pairs of transmitters and pairs 
of receivers connected together in 
a DTE/DTE or DCE/DCE 
configuration. Further crossovers 
in the cabling are required 
between certain pairs of control 
signals such as DTR/DSR and 
CTS-RTS/DCD. 

Another situation which can 
arise is when two pieces of 
equipment (which could be an 
combination of DTEs and DCEs 
are to be connected and where 
one supports a full range of control 
signals but the other uses perhaps 
just a three line configuration. The 
system with the full complement 
of control lines will be expecting 
the other piece of equipment to 
indicate its status by means of 
these lines, something which 
clearly is not possible. 

The overall result is the first 
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Fig. 2 Commonly encountered 
cabling arrangements for 
RS232 connections. 
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piece of equipment will never pairs of signals may or may not same connector. An additional 
accept the other peripheral is require linking together. Figure 2 useful facility is the provision of 
present and ready. The answer to shows a number of the more likely | LEDs to indicate the status of 
this problem is to tie together configurations which may be certain signals. Such units are 
control lines locally on the one encountered, eee commercially (usually at 
plete of rere be to fool it into el prices) ane re calle 
inking that the other equipment * . : such names as ‘patch boxes’ or 
is producing control signals. Design Considerations ‘interfakers’. They often use DIL 
In such a configuration, of The requirements of switches to make or break the 
course, no hardware handshaking a ing RS232 interfacing are straight through circuits from one 
is possible and flow control fulfilled in a unit with a D- be connector to the other and wire 
methods such as XON/XOFF connector on each end an links to make crossover or link 
would be required. means of allowing any pin an one connections once the appropriate 
In practice it will be found that connector to be connected to any | DIL switches are open. 
certain pairs of signals may or may pin on the other connector and The main disadvantage of these 
not require crossing and certain inter-linking between pins of the units is although they are flexible, 


NOTE: 
Q1-10 = BC184L 


PL1 26-WAY D-TYPE 26 oo PL2 26-WAY D-TYPE 
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fig. 3 The circuit diagram of the ETIFaker. 
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wire links ah easily get lost. 

A further drawback is that they 
only have two connectors, usually 
a male and a female. Actually 
whatever combination of two 
connectors is picked, there will be 
a requirement for two additional 
convertor cables to cope with all 
possibilities. Alternatively one of 
the commercially available 
connector sex changers or ‘gender 
benders’ as they are sometimes 
called would be required. 

The ETI Faker overcomes both 
these problems. Firstly DIL 
switches allow all the common 
configurations to be selected 
without resorting to wire links and 
secondly there is both a male and 
a female connector for both the 
input and the output. A very large 
number of switches would be 
ee to allow any of 50 points 
to be connected to any of the 
others, so pins to which wire links 
may be connected have also been 
provided to allow more obscure 
configurations to be achieved. 
LEDs are available on the more 
common signal lines as well as a 
couple of general purpose 
indicators which may be 


i. —EEEw 
i} SWB LKDY LKS2 


O 


TO 
BATTERY 


connected to any signal by use of 
more wire links. 

The circuit diagram is shown in 
Fig. 3. From an electronic point of 
view it is so simple there is little 
point saying anything further 
about it other than the fact that 
the resistors between certain lines 
and the bases of the LED drivin 
transistors are of a sufficiently high 
value to avoid any significant 
pading on the drivers of these 
ines, 


Construction 


Construction of the circuit 
board is simple. The only 
opportunity for error is in the 
polarization of the LEDs. Ensure 
that the flat on one side of the 
body (which indicates the 
cathode) matches the ‘k’ near 
the LED on the component 
overlay diagram (Fig. 4). 

The Molex pin strips will 
ats not be available in the 
required lengths but these can 
easily be cut down or butted up 
end to end to achieve the correct 
lengths. 
he D-type connectors are 


} 


Fig. 4 The component overlay of the ETI Faker. 


intended to be fitted onto flyin 
leads rather than directly onto the 
PCB. In order to keep the PCB toa 
single sided design without a large 
number of links,the pads for these 
connectors are not in the same 
configuration as on D-type 
connectors. Accordingly ribbon 
cable and IDC D-types should not 
be used. Instead it is 
recommended that 25-way 
screened 7/.01 multicore cable be 
used, using a further length to loop 
between SK1 and PL1 or SK2 and 
PL2. Cable ties should be used to 
provide strain relief for these 
cables, 

The slider on/off switch may 
not be available in a PCB 
mounting pe in which case this 
will have to be bolted to the board 
having cut a hole to accommodate 
the depths of its body. 

One final point concerns the 
length of component leads, The 
transistors should be fitted with 
very short leads so that their 
bodies are as close as possible to 
the PCB. Alternatively they can be 
bent down flat to the board, 
otherwise the transistors cause the 
tops of the DIL switches to sit well 
below the surface of the lid of the 
box. The lead length on the LEDs 
should be sufficient to allow the 
tip to just protrude through the lid. 

dapdelt be up the PCB, the 
ABS box should be prepared. This 
involves drilling holes for the LEDs 
and the link strips, saat 
rectangular holes for the DIL 
switches in the lid and cuttin 
semi-circular notches for cable 
entry in the top edges of the two 
longest sides of the box. 

tis also strongly 

recommended that a circuit 
diagram or a legend such as that 
shown in Fig. 6 is placed on the lid. 
As a minimum, this could be a 

hotocopy of Fig. 6 glued onto the 
id but better would be a label 
made from this artwork using a 
sign making material such as 
‘Permasign’, Clearly either type of 
label requires holes cutting in it to 
match the holes in the lid of the 
box. 

The wire links are simply made 
from crimp type socket pins for 
D-type connectors and short 
lengths of insulated wire. 

wo three-socket daisy chained 
links and three standard links 
should be sufficient. Sufficient 
‘parking space’ is available to 
accommodate these, 


Using The ETI Faker 


The ETIFaker will probably be 
utilised in two sorts of application. 
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© | 1 Protective ground 
Secondary transmitted data STxD + 14] O © | 2-© TxD trensmitted date 
DCE transmitter signal element timing = 15] O 6 | 3-<Aanw received date 
Secondary received data SRxD = 16] O © | 4-© ATS request to send 
Receiver signal element timing = 17] O © | 5=CTS clear to send 
18) © 4G | 6 + sR date set ready 
Secondary request to sand SATS =- 19] O © | 7 Signal pround/common return 
Data terminal ready DTR +20] O © | 8 + DCD data carrier detect 
Signal quality detector SQD 21] O olow 
| Ring indicator Ri 22} O o} 10 -v 
Data signal rate selector > 23] O olu 
4 OTE transmitter signal element timing = 24] © © | 12 SDCD secondary data carrier detect 
i a © } 13+ SCTS secondary clear to send 
Fig. 5 The full RS232 interface pinout. 
LEDs it 
= space 


Be ihc foe 
PARTS LIST 
RESISTORS (all % watt, 5%) 


R1, 3, 4, 7, 9, 11, 
13, 15, 17,19 47k 


SEMICONDUCTORS 
Q1-10 BC184L 
LED1-10 3mm red LED 


MISCELLANEOUS 

SW1, 2,4 

SW3, 5 

SW6, 7 

SK1, 2 25 way D-type 

socket 

PL1, 2 25 way D-type 
line plug 

} LK1-50 

PCB headers 


D-type socket crimp pins for links. 


BUYLINES 


tromail (Tel: (0536) 204555) as stock 
number 469-493, 
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6xSPST DIL switch 
4xSPST DIL switch 
8xSPST DIL switch 
Sws Miniature on/off 


Lengths of Molex 


PCB; ABS box; 25 way cable; 2x cable 
ties; Battery clip; Battery holder for 
4xAA; 4x AA batteries; Wire for links; 


All parts for the ETIFaker are easily 
available from normal suppliers. The 
crimp pins are available from Elec- 


The first is when there is a 


but with little likelihood of 
wanting to repeat the exercise, 
The second is to use it to 
determine the connections 


to make use of the ETI Faker, 


points. 
Firstly a LED is illuminated 
when the line to which it is 


(equivalent to ‘on’ for control 


being transferred, 


remember the following rules. 


switches operate on a pair of 
signals. The top switch links 


requirement to interface a pair of 
devices for a particular purpose 


required for interfacing two pieces 
of equipment so that a cable can 
then be made up for future use. 

It is probably obvious just how 


particularly if a legend has been 
applied to the unit as suggested 
but it is worthwhile clarifying a few 


connected is in the ‘space’ state 


lines). For data lines this will mean 
they are only illuminated as data is 


The second point is with regard 
to the blocks of switches which are 
eure in sixes, Although this can 

e seen from the circuit diagram 
or legend on the unit, it is useful to 


Each of the three blocks of six 


together these two signals on the 
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Fig. 6 The ETI Faker front panel legend, 


right hand connector and the 
bottom switch connects them 
together on the left hand 
connector. The middle two 
switches switch the two signals 
straight through and the remaining 
pair of switches implement a 
crossover when both are closed. 

Although a switch has been 
provided to take pin 7 to open 
circuit, to make the unit totally 
flexible, this corresponds to the 
common return and will nearly 
always be closed. 

Since the LED indicators are 
referenced to this signal, unless 
this switch is in the closed position 
the status of the LEDs cannot be 
relied upon when monitoring 
signals from SK1/PL1. 

It should also be mentioned 
that the pins marked ‘link parking’ 
have no electrical connections 
whatsoever. They are provided 
solely to park the link wires when 
not in use hence reducing the 
likelihood of their getting lost. 

Since the ETI Faker has more 
than just the two D-type 
connectors, it is also possible to 
connect a third device in order to 
monitor data passing between the 
main two pieces of equipment. ET] 
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BBC MICRO MIDI 
INTERFACE 


John Yau describes a two channel MIDI interface to get the BBC mic 


singing. 


Se presented here is 
T a MIDI interface for the BBC 

microcomputer. It enables 
the computer to communicate 
with MIDI equipped synthesisers, 
drum machines, effects units and 
other peripherals. Since the 
subject of MIDI has already been 
covered (see ETI January and 
February 1987), we shall deal 
directly with the interface itself 
and present some trial software to 
experiment with. 

A suite of more serious 
software is available to accompany 
this project. This is available from 
the author and ranges trom 
general MIDI utility programs to 
more sophisticated packages like 
voice and track dump programs 
for the Yamaha TX/DX7 
synthesiser and Roland TR707 

rum machine, and a voice editor 
for the Yamaha TX/DX7 

The BBC micro MIDI interface 
also serves as a useful diagnostic 
tool for those who wish to 
construct the ET] MIDI MASTER 


ETI BBC MIDI 
INTERFACE 


MIO! 1 
IN OUT 


MID! THRU MIDEINI 
#7 
MIDI SYNTHESISER MIDI DRUM MACHINE 


Bs e.g. ROLAND TR707 


MIDI 2 


MIDITHRU— MIDTIN] 
MIDI SYNTHESISER #2 


TO OTHER MIDI 
SYNTHESISERS 


MHz BEC 
MICROCOMPUTER 
BY 


KEYBOARD coming next month. 


Operation 


The interface has four DIN 
sockets, two for MIDI IN and two 
for MIDI OUT. The primary reason 
for the dual channel capabilility is 
to enable one MIDI channel to 
control a MIDI synthesiser whilst 
the other is connected to a MIDI 
drum machine such as the Roland 
TR707, as shown in Fig.1. 

This configuration can be used 
when the BBC micro operates as a 
MIDI sequencer, using the drum 
machine as an externa 
synchronisation source. 

Another useful configuration is 
shown in Fig. 2. Here, a MIDI 
mother keyboard is connected to 
an external synthesiser module via 
the MIDI interface. Using suitable 
software both the mother 
keyboard and BBC micro can 
communicate with the synthesiser 
module. This is particularly useful 


MiDI OUT 
MIDI MASTER 


Fig. 1 Multi-track sequencer arrangement. 
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MIDI 1 
IN- OUT 


for combining performance with 
voice dump and edit operations, 


Construction 


The interface is constructed on 
a compact sized double sided 
PCB. Figure 4 shows the 
component overlay. Mount all the 
resistors and terminals first, 
soldering the leads to both sides of 
the PCB where applicable. Next 
add the capacitors and diodes, 
leaving just the integrated circuits 
to be mounted. The important 
word here is that the IC devices 
must be mounted directly onto 
the PCB without IC sockets, since 
many of the pins require soldering 
on both sides of the PCB. Sockets 
can, however, be used to mount 
the opto isolators |CL7 and IC8. 
Indeed, this is suggested due to 
the relatively high cost of the 
devices. 

There are two power supply 
alternatives. The first is to mount a 
5V regulator on the PCB (IC10) 


ETI BBC MIDI 
INTERFACE 
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MIDI SYNHTESISER 
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TO OTHER MIDI 
SYNTHESISERS 
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Figure 3 shows the complete MIDI 
interface circuit. The circuitry is cen- 
tred around IC5 and IC6, which are 
(Asynchronous Com- 
munication Interface Adaptors). The 
two devices are interfaced to the BBC 
micro’s 1MHz expansion bus using 
IC1, IC3 and 1C4. 1C1 is used to ‘clean 
up’ the NPGFC bus signal as recom- 
mended by Acorn in the applications 
notes for using the 1MHz bus. IC3 and 
1C4 provide the address decoding 
to map the two ACIAs into 
memory locations &FCFO-1 and &FCF2- 
3, respectively, in the BBC micro’s 
address space, One of the bistables in 
1C2 is used to divide the BBC micro’s 
1MHz system clock down to the 
500KHz required for the ACIAs. The 
remaining circuitry built around 1C7, 
1C8 and IC9 make up the MIDI IN and 
MIDI OUT terminals. The open collec- 
tor inverters act as current sinks, form- 
ing the MIDI OUT terminals. The MIDI 
IN terminals reach the ACIAs via opto- 
isolators in order to minimise the risk 
of earth loops occuring resulting from 
interconnection of MIDI equipment. 


6850 ACIAs 
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1C1 = 74LS75 
IC2 = 74.574 
IC3 = 74L504 
IC5,6 = 6850 
IC7,8 = 6N138 
C9 = 74LS05 
IC 10 = 78M05 
11-2 = 1N4148 
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Fig. 4 The component overlay for the MIDI interface. 


along with associated components 
and powering the whole unit from 
an unregulated DC power source. 
An ordinary mains battery 
eliminator giving out 9 volts at 
300mA will be sufficient for the 
purpose. If you already have a 
regulated 5 volt source then the 
ne circuitry components 
(IC10, C3, 4, RG and LED1) can be 
anipy omitted and bypassed. 
nce the PCB has been 

assembled, check for shorts and 
unsoldered pads on both sides of 
the PCB. If everything is 
satisfactory then proceed with 
wiring up the 5 pin DIN MIDI 
sockets as shown in Fig. 3. 

The case used to contain the 
board is not crucial. Any suitable 
plastic case will serve. 


Using The Midi Interface 


The program presented in 
Listing 1 is a simple monitoring 
rogram. Connect a MIDI 
eyboard to the first MIDI IN 
socket of the interface and run the 
program. Any data transmitted by 
the MIDI keyboard will then 
appear on the screen. Notice that 
multi byte MIDI events are 
displayed on the screen if any keys 
are played, if a 2 change is 
made, or if a pitch bend or 
modulation wheel is moved. 
The operation of the program is 
as follows. The ACIA in the MID! 
interface is programmed to 
interrupt the BBC micro every 
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time it receives a byte of MIDI 
data through the first MIDI IN 
terminal. The BBC micro responds 
to the interrupt by nar the data 
in a buffer in memory. Whilst all 
this is happening the Basic 
program is running checks to see if 
this buffer is empty. If not, it prints 
out the contents one by one until 
it is empty again. Such a FIFO (first 
in first out) buffer is implemented 
because a simple Basic program to 
print out MIDI! data as it arrives 
would not respond fast ibis to 
the relatively high data rate of the 
MIDI messages. 

Listing 2 is a program which 
allows the BBC’s micro QWERTY 
keyboard to play any MIDI 
synthesiser that is set to receive on 
channel 1. The Basic INKEY 
keyword is used to detect whether 
a particular key is held down or 


RESISTORS 

R1-9 1k0 

R10-15 220R 

CAPACITORS 

C1, C2, C3 0.1:F polyester 

C4 1u0 25V 
electrolytic 


SEMICONDUCTORS 

1c1 74LS75 
1C2 74LS74 
1C3 74LS04 
1c4 74LS30 


1C5, 6 6850 ACIA 
Ico 74LS805 
1C10 78MO5 voltage 


Poe a } Poe 


PARTS LIST 


None of the components used for the 
MIDI interface are difficult to obtain. 

A Verobox type 103 was used for the 
prototype. This is available from 


Maplin, as are the 6850 ACIAs. 


The 6N138 opto isolators are 
available from Electromail (Tel; (0536) 
204555) as catalogue number 302- 
126. 


not. If pressed, the procedure 
PROCnoteon is called. This 
transmits the three data bytes ofa 
MIDI note-on event. The program 
then waits until the key is 
released, when it transmits a note- 
off event. This very simple 
program only permits monophonic 
playing, ie only one note at a time. 
owever, it serves to demonstrate 
note-on and note-off events, 


regulator 
1N4148 
Red LED 


D1, 2 
LED1 


MISCELLANEOUS 
W1 2 pole, 2 way 
toggle switch 
(see text) 
5 pin DIN sockets 
34-way IDC PCB 
mounting bus 
connector (male) 
PLI 34-way IDC plug 
PCB, heatsink for 1C10 (if used), 
suitable power input socket, plastic 
case, 34-way IDC plug, 34-way IDC 
ribbon cable, nuts and bolts. 


SK1-4 
CcON1 
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10 REM BBC micro MIDI interface 
20 REM Receiver Program by J.F.S. Yau 


REPEAT 

IF ?outptr%=?inptr% GOTO 210 
dataX=but f%? (?outptrs) 

IF (data% AND 126)<>0 THEN PRINT 
PRINT dataXy 

PoutptrX%=Poutptri+! 

UNTIL FALSE 

END 


DEFPROCassem 

DIM start% 100,buff% 256 

@X=4; sysvec%=b701 ir qg2vi=&k0204 
inptr%=87 21 outptr%=k75 

ACT A_CX=&FCFO:ACTA_Di@&F CFI 
FOR pass%"0 TO 2 STEP 2 
Px=starti:fOPT passd: SEI 

LDA irg2vekiSTA sysvect 

LDA irg2va+i9STA sysvec%+ i 

LDA #acia% MOD 254:STA irq2v% 
LDA #acia% DIV 254:STA irg2vx+1 
LDA #&O031STA ACIA_C%:STA BFCF2 
LDA #£95:STA ACIA_C%28TA SFCFS 
LDA #OrSTA inptrkiSTA outptr% 
CLIsRTS 

aacia% 

PHA TYAs PHA PHP 

LDA ACIA_ChiAND #126;BEQ exitX 
LDY inptr%:LDA ACIA_D&:STA butftz,¥ 
INC inptr% 

-enitk 

PobePLOrTAYsPLALJMP (sysveck) 1:1 
NEXT pass% 

ENDPROC 


Listing 1: The BBC Basic MIDI 
receiver program. 


REM BBC micro MIDI interface 

REM key test program by J.F.S. Yau 
DIM NX 23 

wr KEL 

PROCI nitsOCTX%+42L%=0 
ACTA_C%=<&FCFORACIA_D%=8FCF 1 
PACLA_CX=&031 PACIA _Cxr=815 
DS@CHRS9+"G2WSERSTSY7ULPOOPe*C\_* 
REPEAT 

PROCnoteoftf iL%) 

REPEAT: JS=INKEYS (0): UNTIL J8<>"" 
KX@ INSTR (DS, 0%) 

IF K%=0 GOTO 180 

L%=<X%+0CTX#1 21 PROCnot eon (LX) 
PRINT’ "Note “3L%3 "played" 

IF INKEY(-NX?7KX) THEN 230 

UNTIL FALSE 

DEFPROCI nit 

FORIX=17023:READ AX1NX71%=AX%s NEXT 


1070 PROCWwait Tx: 7ACIA_D%=02 ENDPROC 

10B0 DEFPROCnatean (NT%) 

1090 PROCwai tTx 1 7ACIA_D%=1442 PROCwai tTx 1 2AC 
IA_D%@NTX 

1100 PROCwai tTx 1 7ACIA_D%=1002 ENDPROC 

1110 DATA 97, 17,50, 34, 18,35, 52, 20, 36,53, 69, 
37 

1120 DATA 54,38, 39,55, 40,54, 72,25, 57,121, 41 


Listing 2 The program for playing 
MIDI instruments from the 
BBC Micro. 


PIN 6 1C7 A 

(ON ITS OWN, 
SO LEG IS OUT 
OF SOCKET) 


PIN 11C9 

(ON ITS OWN, 
SO LEG IS OUT 
B OF SOCKET) 


PIN 2 1C5 (Rx}=<—C) O-—PIN 6 1C5 {Tx} 


POSITION A = THRU 
POSITION B = NORMAL 


Fig. 5 Wiring the optional ‘Thru’ 
switch, 
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which are the most frequently 
used MIDI messages as far as 
synthesisers are concerned. 


Applications 


Applications for the MIDI 
interface depends on what MIDI 
equipment it is to be used in 
conjunction with. The most 
immediate application is to use 
the BBC micro’s disc filing system 
to store synthesiser voice 
programs or drum machine track 
programs. More complex software 
to use the MIDI communication 
protocols found in the data 
manuals for the equipment 
concerned can also be written to 
make full use of the interface. 


PROJECT: MIDI Interface 


For synthesisers such as the 
Yamaha DX7 it is possible to 
write a voice editor to program 
new voices from the BBC micro. 
When programming a new sound 
for the DX7 only one parameter 
can be accessed at any one time. 
With a voice editor program all the 
parameters can be seen on the 
screen at once and freel 
accessed. Voice editing ior the 
BBC micro, along with the 
advantages of its disk filing system, 
forms a powerful sound 
management system for the DX7. 


Thru Switch 


The THRU toggle switch shown 
on the front panel of the prototype 
unit serves to link the MIDI IN1 to 
the MIDI OUT1 for use when the 
BBC micro is not running software 
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The author has a range of 
software on 5%in disk to make 
full use of the MIDI interface. 
Orders and requests for further 
details should be addressed to 
John Yau, 7 Maurice Place, 
Edinburgh, EH9 3EP. 

@ Track dump software for the 
Roland TR707 drum machine. 
This enables the currently held 
patterns and track programs to be 
stored and read from floppy disk. 
@ Voice Dump/Editor software 
for the Yamaha DX/TX7. This 
software allows single voices or 
complete banks of voices to be 
stored and read from floppy disk. 
This software also enables DX 
voices to be edited from the BBC 
micro. All the parameters are 
displayed on the screen and can 
be modified using a simple slider 
control which plugs into the BBC 
micro’s analogue user port. 


which actively merges the MIDI 


a nal 
the BBC micro is switched off, The 


Wiring details for the slider 

control are supplied. 

@ Four track step time MIDI 

Sequencer for synthesisers 

arranged as in Fig. 1 with external 

synchronisation. 

| The programs cost £12, £18, 
and £16 respectively. 


IN1 input stream with the MIDI 
OUT1 output stream. The switch 
simply links pin 6 of |C7 to pin 1 of 
1C9 while isolating them from their 
original connections to Tx and Rx 
of IC5. This arrangement allows 
data to pass unaltered from MIDI 
IN1 to MIDI OUT1, even when 


THRU option was added as an 
afterthought and the PCB does not 
include this feature but it can be 
easily included with the minimum 
of alterations if this feature is 
required, 
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Programs for the BBC models ‘B’ with disc drive with FREE updating service on all software 


DIAGRAM 


Still the only drawing program available for the BBC micro which gives you the ability to draw really large 
diagrams and scroll them smoothly around the screen stopping to edit them at any time if required. 

Pineapple's unique method of storing the diagram information on disc means that the size of diagrams is 
limited only by the free space on disc, and not the amount of computer memory you have available. (A blank 
80 track disc will allow up to 39 mode 0 screens of diagram). 

The superb print routines supplied with the program enable large areas of the diagram to be printed ina 
single print run in a number of different sizes and rotated through 90 deg. if required. Full use can also be 
made of printers which have a wider than normal carriage available. 

The program is fully compatible with the Marconi Tracker ball described below, 


PLEASE STATE 40 or 80 TRACK DISC & WHETHER STANDARD BBC or MASTER VERSION |S REQUIRED 
PRICE £25.00 + VAT 


DIAGRAM UTILITIES 


A suite of six utility programs.which add additional features to the ‘Diagram’ drawing program. The utilities 


include the saving and ioading of areas of diagram to and from disc. The ability to display the whole of your 
large diagram on the screen at one time (in either 4%4 or 8&8 screen format). The addition of borders and 
screen indents to diagrams, and the ability to shift a whole diagram in any direction. 


PRICE £10.00 + VAT 


MARCONI TRACKER BALL 


This high quality device comes with it's own Icon Artmaster drawing program and utilities to enable it to be 
used in place of keyboard keys, joysticks, or with your own programs, 


PRICE £60.00 + VAT p&p £1.75 
PRICE INCLUDING ‘DIAGRAM’ SOFTWARE £79.00 + VAT p&p £1.75 


TRACKER BALL for MASTER series 


The Pointer ROM is supplied instead of the Icon Artmaster disc and enables the Tracker ball to work 
directly with the MASTER series computers. (¢.g, to use with TIMPAINT etc.), Prices are the same as for the 


standard tracker ball. 
POINTER 


The Pointer Rom is available separately for people already owning tracker balls, and comes with 
instructions for use with the MASTER computer. 


PRICE £12.50 + VAT 


PCB 


This new release from Pineapple is a printed circuit board draughting aid which is aimed at producing | 
complex double sided PCB's very rapidly using a standard BBC micro and any FX compatible dot-matrix 
printer. 

The program is supplied on EPROM and will run with any 32k BBC micro (including Master series). Also 
supplied is a disc containing a sample PCB layout to demonstrate the programs features. 

By using an EPROM for the program code the maximum amount of RAM is available for storing component 
location and ASCII identification files etc. (Up to 500 components and 500 ASCII component descriptions 
may be stored for a given layout). These is no limit to the number of tracks for a given PCB, although the 
maximum size of board is restricted to 8" * 5.6". 

Using a mode 1 screen, tracks on the top side of the board are shown in red, while those on the underside 
are blue. Each side of the board may be shown individually or superimposed. A component placement screen 
allows component outlines to be drawn for silk screen purposes and component numbers entered on this 
screen may be displayed during track routing to aid identification of roundels. 

The print routines allow separate printouts of each side of the PCB in a very accurate expanded definition 
1:1 or 2:1 scale, enabling direct contact printing to be used on resist covered copper clad board. i 

This program has too many superb features to describe adequately here, so please write or ‘phone for more 
information and sample prinouts. 

PRICE £85.00 + VAT 


CONVERTER LEADS 


Converter leads to enable the Trackerball to run mouse software and the mouse to run trackerball software 
(inc. DIAGRAM). Please state which way round when ordering, 


PRICE £8.00 + VAT 
MICROSPICE 


A new addition to our range of engineering software. Microspice is a very powerful DC and AC analogue circuit 
simulator package for any model BBC computer, 

As well as all the usual facilities available with this type of program, non-linear effects. small signal, noise | 
measurements and sweeps may be performed, Component values may be swept. allowing componenttolerances tobe | 
investigated as well as thermal performance etc. Comprehensive transistor modelling is incorporated using a 20 
parameter Ebers Moll description. The program is supplied on disc with a very comprehensive 49 page manual, 

Please write or ‘phone for more information 


PRICE £99.00 + VAT P&P FREE 


ALL ORDERS SENT BY RETURN OF POST 


39 Brownlea Gardens, Seven Kings, Ilford, Essex 1G3 9NL. @ Tel: 01-599 1476 
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ROBOTICS 


CIRCUIT 


Motor Speed 
Regulator 


This circuit uses the LM2907 
tachometer as part of the con- 
trol loop to maintain a constant 
motor speed. To measure the 
motor speed a shaft encoder is 
necessary. Some expensive motors 
for industrial applications already 
have encoders fitted but your 
average model motor does not. 
The answer is to use a disc with 
holes drilled in it with a slotted 
opto switch or a metal toothed 
wheel and a variable reluctance 
magnetic pickup, as illustrated in 
Fig. 2. As the average slotted opto 
detector is not very sensitive, a 
transistor may be needed to 
amplify the output signal. A 
suggested circuit is shown in Fig. 3. 
he functioning of the control 
loop itself is straightforward. The 
output voltage from pin 4 of IC1 is 
. proportional to the pulse rate fed 
into it, and because this signal is 
fed to the inverting input of 1C2 
this tends to reduce the speed. 
RV2 sets the voltage on the posi- 
tive input of IC2, tending to 
increase the motor speed. 

A stable speed results when 
the balance of the two provides 
the motor with the voltage it 
needs to maintain its speed. 

Any reduction in motor speed 
will increase the voltage fed to it 
while any increase in speed will 
reduce the voltage. The gain of this 
control system is set by adjusting 


MILD STEEL 
TOOTHED WHEEL 


WHEEL FOR USE WITH 
SLOTTED OPTO-DETECTOR 


Fig. 2 Shaft encoders. 


RV1 to the lowest value that does 
not cause speed oscillation due to 
overcorrection during the 
response time of the motor. In 
most cases the permissible gain 
will be suffcient to ensure that wide 
load variations on the motor alter 
the speed very little. 

The LM2907 tachometer works 
as follows, On each input cycle, C2 
is charged to a set voltage, and the 
charge is transferred to C3. The 
voltage on C3 does not rise 
indefinitely but stabilises at the 
point where the discharge current 
through R2 is equal to the average 
current due to the transfer of 
charge. The output stage of the 
chip is simply wired as a buffer to 
feed the signal to the display. 

The output voltage of the 
LM2907 is given by the formula: 


NOTE: 
(C1 = LM2907 


Fig. 1 The circuit of the motor speed regulator. 
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Motor drivers 


and sensor Tech Tips for 
the mechanically minded. 


SLOTTED OPTO- 
DETECTOR 


Fig. 3 Optical shaft encoder 
amplifier. 


Vout = 
Vv supply x Frequency x C2x R8& 


The component values here are’ 
suitable for a fairly high pulse rate 
from the encoder wheel and a ° 


high motor speed, For lower pulse 
rates C2 should be increased. To 
keep the ripple within reasonable 
bounds C3 may also have to be 
increased but if it is increased too 
far the time constant may become 
comparable with the mechanical 
time constant of the motor and 
the control system will oscillate. 

lf a higher pulse rate is 
pa and it is not practical to 
drill twice as many holes or cut 
twice as many teeth then a second 
detector half a hole out of phase 
may be used. If the accuracy of the 
encoder is good enough, combin- 
ing the two outputs in an exclusive 
OR gate will give a double fre- 
bora output. The waveforms are 
illustrated in Fig. 4. 


DETECTOR 1 


=} 


DETECTOR 2 
OUTPUT 
Fig. 4 Using an OR gate and out of 


phase signals to double the 
encoder output. 
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shaft é 


Shaft Position 
Indicator 


T his gadget indicates the angular 

position of a shaft to a resolu- 
tion of three bits. The same princi- 
ple with much more complexity 
can be used to provide more 
‘resolution but for simple robotics 
bli this design should do just 
ine. 

It works by using two linear 
Hall effect devices at points 90° 
apart on the rotation of the shaft 
to measure the position of a bar 
magnet. The field distribution of 
the magnet on its own is not likely 
to be ideal so pole pieces should 
be used. Figure 1 shows a suitable 
arrangement. 

The idea is to get an approx- 
imately sinusoidal distribution of 
field strength for the hall device to 
detect. ; 

To increase the magnetic field 
available to the Hall devices, a disc 
or ring of iron or mild steel should 
be positioned on the opposite 


CHANNEL A 


o 
pe 
I 
2 
a 
x= 
o 


POSITION OF 
HALL DEVICES 


MAGNET 
POLE PIECE 


SHAFT 


HALL DEVICE 


VEROBOARD 


-— 


MILO STEEL 
DISC 


Fig. 2 The positioning of the magnet and Hall probes. 


side from the magnet and pole 
pieces. 

The circuit contains two iden- 
tical channels for the two Hall 
devices, with one extra com- 
parator on the output. | shall 
describe just Channel A, 

1C3a works as a subtractor to 
provide an output dependent onl 
on the difference between the dif- 
ferential outputs of the Hall device. 
RV1 is fitted to compensate for 
any offset on the output of the 
Hall device and allows the subtrac- 


Fig. 1 The circuit of the indicator and ideal waveforms. 
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tor to be adjusted to OV in the 
absence of any magnetic field. 
IC4a_is a comparator which 
switches during the zero crossings 
of 1C3a’s output. 

To generate a magnitude signal 
to compare with the other chan- 
nel, |\C3c is used as a simple pre- 
cision rectifier. It works as a 
resistive divider during positive 
half cycles, the output being 
VinxR12/(R10+R11+R12). During 
negative half cycles the circuit 
works as a half-wave inverting rec- 


ROTATION 
ve0° 


fAI>IBI | | 


POSITION 
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tifier, with an output of VinxR11/ 
R10. The component values are 
chosen to make the gain on each 
half cycle as near as possible the 
same, given an E12 choice of resis- 
tor values. The outputs from the 
precision rectifiers in each channel 
are fed to a final comparator which 
generates the final logic signal. 

Some experimentation with the 
shape of the pole pieces will be 
necessary to achieve good results. 
The figure shows ideal waveforms. 
A and B are both the magnetic 
field received by the Hall 
transducers and the outputs from 
the differential amplifiers, 1C3a 
‘and IC3b. The outputs from the 
Hall transducers are differential, 
which is all to the good as these 
devices can drift. 

The next two waveforms show 
the magnitude of the A and B 


Coherent Optical 
Proximity Detector 


T his optical proximity detector 

can either detect the proximity 
of reflective objects over fairly 
short ranges or it can be arranged 
to detect objects interrupting the 
beam. Unlike the author it is 
coherent. It will respond to its own 
optical signal and ignore quite high 
levels of extraneous light. 

ICla is connected as a square 
wave oscillator. This oscillator 
switches the LED, and also controls 
the synchronous detector, The 
synchronous detector itself 
switches between inverting and 
non-inverting amplification, with 
the same gain in either direction. 

When non-inverting the LED is 
ON and the signal received is the 
wanted signal added to the 
extraneous signal. When the detec- 
tor is inverted only the extraneous 
signal is received, and this is 
subtracted, 

The functioning of the 
synchronous detector is simpler 
than it appears from the circuit 
diagram. |C2a acts as a logic inver- 
ter to drive 1C2b out of phase with 
the other analogue switch parts, In 
the invert mode, the gain is R4/ 
R11 (=4.7) and in the non-invert 
mode the gain is R14+R11+R12)/ 
(R11+R12) (=4.7). The addition of 
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TECH TIPS: Robotics 


signals regardless of polarity. The 
final three waveforms show the 
result of comparing A with OV, B 
with OV, and the magnitude of A 
with that of B, respectively. 

As the waveforms show, only 
one of the three output signals 
changes at each transition bet- 
ween position areas. There is no 
incorrect transitional state as 
would be possible with the normal 
binary counting sequence. It is not 
unknown for encoders using a nor- 
mal binary sequence to give a false 
state of, for example, 101 between 
011 and 100. 

Despite the fact that the 
sequence is different, each com- 
bination possible with three bits is 
used, so the position may be 
displayed with the aid of a 3 line 
to 8 line deoder. The outputs 
simply have to be arranged in a 


R12 compensates for the extra gain 
which would be present in the 
non-inverting mode of the circuit, 

If the mark/space ratio of the 
oscillator is adjusted correctly the 
on pe of IC1c averaged By R15 
and C3 will be exactly zero. This is 
in fact the method of setting the 
mark/space ratio. Disconnect the 
LED and adjust for OV on C3 using 
a sensitive voltmeter. 

If the LED is reconnected, any 
signal from the LED received by 
the phototransistor will give a net 
positive output on C3, IC1d is 
wired as a comparator which 
switches low when signal from the 
LED exceeds a preset threshold. 

The circuit has many applica- 
tions. It could form the basis of an 
object counter or a simple but reli- 


different order, Figure 4 shows a 
simple indicator. 


Fig. 3 A simple position indicator. 


able intruder alarm, in which case a 
matched infra red emitter and 
receptor should be used and R6 
reduced to increase the LED power 
and range. 

Most usefully the circuit can be 
used as a proximity detector. In 
this an angled infra red emitter and 
receptor assembly (available from 
Electromail) should be used. This is 
focused at about 5mm, and can be 
used to form a reliable limit switch. 

To get more range, to use it 
more as an optical radar, a discrete 
LED and detector can be used 
with an opaque screen between 
them to prevent the direct passage 
of light. It is in this application that 
the ability of the unit to reject the 
extraneous light is most useful. 


OTE 
IC1 = LM334 OR LM348 
IC2 = 4016 OR 4066 
Q1= BC182 


Inductive Track 
Follower 


T his project is used to steer 
mobile robots along a trail of 
aluminium foil by sensing the 
absorption of high frequency 
energy from an LC oscillator. 

Two similar oscillators are used 
but they operate on different fre- 
quencies to avoid interaction. 
Figure 1 shows the basic oscillator 
configuration. This circuit will 
oscillate powerfully — into clip- 
ping in fact. The frequency will be 
close to the resonant frequenc 
determined by L and C, alehaugh 
not exactly so because the clip- 
ping will lower the effective Q of 
the circuit. 

Any slight amount of power 
absorption from the circuit by 
nearby metallic objects will reduce 
the clipping slightly. As a result the 
frequency will change a little. 

ooking at the first oscillator in 

the circuit diagram, an extra tran- 
sistor is added to stabilise the out- 
put level. When the signal on the 
20 turn end of the inductor 
exceeds about 0.6V, Q2 starts to 
conduct to reduce the current 
through Q1. The presence of R3 in 
the circuit means that voltage gain 
is introduced. However much Q2 
has to raise the emitter voltage of 
Q1 to stabilise the output, the 
collector voltage of Q2 Is raised 
that much more in the ratio of R3 
to R1. 

Both oscillators should settle to 
ive the same control voltage 
apart from the effect of compo- 
nent tolerances which RV1 com- 
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NOTE. 
(C1 = 3130 
Q1,3,9 = BC182 
O2,4,10 = BC212 


pensates for). This pot should be 
adjusted to give no voltage dif- 
ference between the collectors of 
Q2 and Q4 with no aluminium 
around, 

The outputs of the two detec- 
tors are fed to a subtractor circuit 
which is biased to give an output 
of half the supply voltage when 
the two inputs are equal. The pre- 
sence of a piece of aluminium 
closer to one detector than the 
other will unbalance the control 
voltages because the power 
absorbed by the aluminium will 


THE SASIC OSCILLATOR 
CONFIGURATION 


1 \ SILICON 
RUBBER 


TRACK MADE OF 
ALUMINIUM FOIL ~~. 


PLATE 
{NON METALLIC) 


FRONT VIEW 


O65 = 
OQ6= 


TECH TIPS: Robotics 


TIP31 


reduce the voltage needed to 
stabilise the oscillator power. 

The motor drive circuit is 
arranged as a pale configuration 
with a dead band so that small 
unbalances will not cause the 
motor to move. Q5 and Q6 follow 
the op-amp output (with crossover 
distortion) and provide the current 
drive needed for the steerin 
motor. Q9 and Q10 serve as leve 
shifters to drive Q7 and Q8 which 
are connected to switch to the 
polarity inverse of that of the op- 
amp output. 

Assuming the motor turns the 
steering in the correct direction, 
the robot will turn to follow any 
aluminium track so long as it is 
initially positioned with the detec- 
tors either side of the track. 

The assembly of this unit is 
slightly critical. OV connections 
should be kept as short as is practi- 
cal, and the decoupling capacitor 
C4 should ideally be connected to 
a point between the two oscillators. 
A tantalum type is used here 
because it has good high fre- 
end performance and _ will 

epovple the power supply better 
at the frequencies in use. 

The coils are wound on short 
lengths of ferrite rod — about an 
inch to an inch and a half. A suit- 
able wire diameter is 0.25mm, but 
this is not critical as the current is 
very low. 

The detection system has only 
been tested with the pickup coils 
parallel, but it seems likely that 
angling them as shown will give 
better aida At any rate, it 
is worth a try. 


ETI 
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BIRD’S EYE VIEW 


|: he ETI office receives a large 

amount of mail, much of 
which consists of technical 
queries from readers. Putting 
aside, for the minute, the fact 
that ETI| does not aim to answer 
technical questions on projects 
that originate outside these 
pages, | came across a missive 
the other day that amply 
demonstrates one of the more 
worrying aspects of ‘hobby’ 
electronics. It ran {in a less 
abbreviated form) like this: 

! recently bought a book 
which included a circuit for 
transmitting signals over the 

_4mains wiring system, | built a 
simple oscillator and | connec- 
ted the output to the Earth and 
Neutral of a 713A plug. 

! also connected a loud- 
speaker to the earth and 
neutral of another plug and put 
both plugs into separate sockets 
in our house’s mains. 

1 then turned on the oscillator 
hoping the sound would come 
out of the speaker. However, in 
our house we have an Earth 
Leakage Detector. If any electri- 
cal apparatus in the house 
should develop a fault it turns 
off all the electricity. This 
obviously makes the house 
much safer but it also turned off 
the electricity when | turned on 
the circuit { built. 

Could you tell me a way of 
still transmitting signals over the 
mains wiring but not triggering 
the Earth Leakage Detector, 

| won't reveal the correspon- 
dent's name for his own sake. 
However, he is not alone in fall- 
ing foul of circuits in books, 

As | see it, there are two pro- 
blems with his intercom. First of 
all, sooner or later it will kill 
somebody. Secondly, if the 
house burnt down as the result 
of an electrical fault, his 
insurance company would 
make a silly fuss about paying 
out. They may even say it was 
his own fault. 

The obvious solution is to 
remove or short out your ELCB, 
Alter all, it's only there for 
safety! Anyone who would 
suggest connecting neutral and 
earth together via a few ohms of 
speaker can't have regard for 
such wimpish things. 

| hope you'll excuse my heavy 
handed irony but somehow or 
other | have to make the point 
as emphatically as possible: 
DON’T TRUST BOOKS OF 
HOBBY CIRCUITS. 
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More often than not, they are 
a case of the blind leading the 
blind. Much of the time the cir- 
cuits are poorly designed, won't 
work or are downright danger- 
ous. The diagram shows a little 
gem | came across recently. 


No kidding, this is described 
as a variable voltage DC Power 
supply. There are so many 
things wrong with it that it’s 
hard to know where to begin. 


It's very dangerous. The 
capacitor is not isolated from 
the mains and off-load, the 
voltage across it will always rise 
to the peak mains voltage regar- 
dless of the setting of the pot. 

What’s more, the capacitor 
will retain its charge of up to 
340V or so when the circuit is 
disconnected and a capacitor 
charged to that kind of voltage 
is something to be treated with 
great respect! 

The regulation is so poor that 
the circuit is useless for any 
practical purpose anyway and 
the wrong setting of the pot will 
quickly blast the SCR to eter- 
nity.Need | say more? 

Anybody who tried to flog this 
thing to the unsuspecting public 
would face a huge fine and 
almost certainly a long prison 
sentence. Yet there it is in a 
book of ‘hobby projects’. 

In my opinion the irrespon- 
sible publication of this kind of 
circuit is deplorable. Many of 
the people who buy these 
books are unable to tell the dif- 
ference between a good circuit 
and a bad one and, more impor- 
tantly, a safe one or a dangerous 
one. Many have a touching faith 
that because it has been 
published, it must be OK, 

A fitting punishment for those 
who perpetrate this kind of 
crime would be to have their 
house fitted out with all their 
own circuits! I’d give them a life 
expectancy of a week at most. 


John Bird 


OPEN CHANNEL 


- hings are changing in the City 
of London. By the end of this 
year, for example, British Tele- 
com hopes to complete over 
60,000km of optical fibre cabling 
in a move to install a new tele- 
communications network cost- 
ing about £50 million in the City 
itself. This is in direct response to 
Mercury Communication’s fibre 
optic network which already has a 
thousand or so users, 

It's interesting to stand back 
and watch this David and Goliath 
battle for customers, On the one 
hand there is the established 
giant who traditionally has had all 
(well, not quite all — see later) 
customers purely by chance of its 
monopoly. On the other hand is 
the new boy who must fight for 
every customer it can get. 

At the moment the BT giant 
would have us think Mercury's 
David is no more than a thorn in 
the side. But the City of London, 
remember, is only the first battle- 
ground and British Telecom may 
well soon be having to fight tooth 
and nail to retain its customers, 

If the pay dispute, currently 
being fought between BT and the 
National Communication Union 
as | write, continues and esca- 
lates as it seems to be doing then 
Goliath may already be toppling. 


North of Watford 


To those City-dwellers who 
believe that life stops at Luton 
and that the few unemployed 
souls who do venture further up 
the map wander around eating 
Mrs. Currie’s fish and chips 
wrapped in yesterday's Sun 
(wouldn’t you just guess I'm a 
northerner?), here’s a gentle 
reminder that communications 
up in t’north is something a bit 
better than smoke signalling. 

Telephone users in the Hull 
vicinity are connected notto BT’s 
national phone network but to 
Hull's own telephone network — 
the only private network to exist 
in Britain prior to the telecom- 
munications liberalisation of 
recent years. 

Now that Mercury isin the pot, 
Hull system users have a choice 
when making a call outside the 
vicinity — whether to use BT or 
whether to user Mercury, Further- 
more, choice is directly up to 
users, merely by keying a two- 
digit pre-dialling sequence. 

Each customer is informed of 
the tariffs charged by the twonet- 
works (which vary according to 
where the cail is placed) so bills 


can be easily minimised. 
Beat that, city-folk! 


Skynet Satellites 


NATO has recently awarded a 
£100 million plus contract to 
British Aerospace and Marconito 
deliver two Skynet IV military 
communications satellites to re- 
place existing satellites which are 
approaching the end of their use- 
ful life, This is not only good news 
for the two companies involved, 
butis also good news for Britainas 
a whole, The satellites to be re- 
placed are of US origin. 

If flights of the European 
rocket, Ariane, commence on 
schedule in 1988 (having been 
temporarily grounded with 
serious problems) it’s likely the 
satellites will be going up in late 
1990 — just in time before the 
existing satellites conk-out. 


Thou Shalt Not... 


Back on the ground, users of 
cellulartelephones and anyother 
mobile communciations systems 
will now have to be wary about 
making and taking calls on the 
move. The latest edition of the 
Highway Code tells drivers not to 
use hand-held microphones or 
handsets while on the move 
except in an emergency. 

Furthermore, hands-free com- 
munictions should only be used if 
the driver's attention is not dis- 
tracted from the road. Theoreti- 
cally, drivers‘nicked’ under these 
clauses could be prosecuted for 
careless driving or improper use 
of a vehicle, 

| find this interesting. Firstly, 
because | have long felt that it 
should be illegal for drivers to use 
mobile communications while 
on the move. Drivers are (or, 
should be) responsible for the 
control of a lethal weapon and 
any obstruction to the driver's 
control must be avoided. 

Handsfree types of communi- 
cations may not, arguably, dis- 
tract the driver, but trying tousea 
handset certainly does. 

Secondly (and more involved 
perhaps) why was this situation 
not thought of when cellular 
systems were first being evolved? 
Only a few percent of new and 
existing celluar users have hands- 
free equipment which means 
that all suppliers are effectively 
committing most of their cus- 
tomers to some time or another 


break the law, 
Keith Brindley 
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BOOK LOOK 


I is the dream of many an elec- 
tronics hobbyist to surround 
themself with all manner of gad- 
getryand gimmickryto (supposed- 
ly, at least) make their life one of 
luxury. 

These three recent publications 
aim to help the struggling pioneer 
of home automation, 

Electronic Circuits for the Com- 
er Control of Robots 
.A. Penfold (Bernard Babani) 
£2.95 

First up is a familiar looking work 
from the bottomless publishing 
well of Babani and the irrepress- 
able Robert Penfold. 

Like most of Penfold’s works this 
is more a collection of related cir- 
cuits than a course in practical 
robot building. To be accurate 
none of these circuits could easily 
be used for much more than the 
intelligent ‘buggy’ type of robot. 
Dreams of humanoid tin men are 
not going to be realised here. 

There are about 27 circuits in 
this book, divided into two cate- 
gories — motor control circuits and 
various sensors. 

The motor driver circuits range 
from the inevitable simple power 
darlington model motor drive to 
stepper motors driven with 
$AA1027 chips. The sensor circuits 
cover similar ground from micro- 
switch bumpers to ultrasonic 
range finders. 

Any regular reader of ETI will 
have seen many of these before in 
one guise or another as Tech Tips 
(and there’s plenty more in this 
issue, in the Robotics Tech Tips 
Special). However, as an introduc- 
tion to the field and as a spring- 
board to experimentation this 
follows in the excellent footsteps 
of previous Babini produce, 


Build a Remote Controlled 
Robot for Under $300 

David Shircliff (John Wiley & 
Sons) £9.00 

This book is an entirely different 
kettle of fish, It's American and 
aims to show you how to construct 
afully-fledged electronics manser- 
vant (thingservant?), 

Questor (as the author's pro- 
totype is called) comes complete 
with optional extras such as a 
drinks dispenser and a vacuum 
cleaner. 

The title says all this is possible 
for under $300. That presumably 
seems little to transatlantic builders 
but to me it seems rather a lot. For 
that money {| would expect a 
little more than a_ trundling 
aluminium box, which is really all 
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that Questor is. 

However, that aside, this book 
certainly shows you just how to 
build a professional aluminium 
box! In fact most of the pages are 
given overtoconstructional details 
— plans and domensions of various 
parts of Questor’s superstructure 
and numerous tag strip layouts. 

The electronics content is fairly 
minimal (as anyone who actually 
tries to create such a beast soon 
finds — it’s the mechanics that 
cause the most headaches). 

Questor is based on a platform 
with castors driven by model 
motors. Control is via a remote 
control box that works on a very 
simple direct wiring principle. His 
arm is just a fixed pipe down 
which suitable refreshment can 
flow under the control of a small 
pump (it’s what your right arm’s 
for). 

Even the refinements of fancy 
paintwork and a light-up bow tie 
fail to cover up that Questor is 
basically a Neanderthal beast. 

If you're really serious about 
constructing a home help then 
judicious design borrowed from 
the likes of Mr. Penfold would add 
up toa more useful beast and pro- 
bably for less than $300 too. 


62 Home Remote Control and 
Automation Projects 

Delton Horn (john Wiley & 
Sons) £11.60 


Inits way this isa much better book 
than the last American import. The 
62 circuits cover a wide range. The 
book starts off with simple low 
voltage relay controlled mains cir- 
cuits and works up to comparative 
ly complex touch tone remote 
control. 

The whole thing is done in a 
tutorial fashion. With each circuit 
there is a circuit diagram, parts list 
and a description of how it all 
works. However, there are no 
PCBs. 

The book's main let down is its 
foreign origin. Not only do some of 
the circuits use components that 
are not easily available in the UK 
but a few also talk about 120V 
60Hz mains. This is going to help 
neither the construction nor the 
understanding of these projects. 

This book is also criminally short 
of computer control circuits but 
otherwise provides agood ground- 
ing. Most importantly it increases 
the confidence of anyone going 
into automation for the first time, 
and actually encourages some 
experimentation. 

Malcolm Brown 


ALF’S PUZZLE 


T= latest gadget to emerge 

i Alf's workshop is a 
distortionless amplifier. As 
usual, Alf’s reasoning is not at all 
clear but with the aid of his 
notes that we found on the 
back of a coffee stained 
envelope we eventually pieced 
together the way it works. 

Alf started by thinking about 
an ordinary amplifier (Fig. 1a). If 
you put in a signal v, what 
should come out is Av — the 
input multiplied by the gain A. 

However, what comes out of 
any real amplifier is Av+-d, where 
d is a term which includes all 
the distortion, noise and general 


crud introduced by _ the 
amplifier. 

Muddling 

Ever since Alf started his 


evening classes at the local 
Tech, he has been obsessed by 
something he calls ‘muddling’. It 
sounds like something that 
would suit Alf down to the 
ground but he probably means 
‘modelling’. 

According to Alf, an amplifier 
can be represented by a distor- 
tionless amplifier with an extra 
pretend input with an imaginary 
distortion signal (Fig. 1b). Seems 
reasonable so far. 

Alf’s next idea was to derive a 
signal -d/A which would be fed 
into the input of the amplifier 
together with the signal v. The 
way he went about deriving this 
signal is shown in Fig. 1c. Alf 
worked out that the output of 


the amplifier would now be 
A(v- d/A) from the amplified 
input, plus d from the amplified 
pretend distortion input, giving 
Av. The world’s first distortion- 
less amplifier! 

Alf is willing to concede that 
the two unity gain amplifiers 
may introduce a little distortion 
of their own. However, he main- 
tains that this can be made so 
small that even the most sensi- 
tive and well calibrated hi-fi buff 
could not detect it. 

Furthermore, Alf says the ini- 
tial amplifier needn't be very 
good. In fact, it could be 
absolutely awful, His circuit 
changes the most grotty low-fi 
amplifier into purest hi-fi. 

So, what’s wrong with Alf's 
reasoning? 


Last Month's Puzzle 


The answer to Last Month's hee 


puzzle; 

It is possible (though not cer- 
tain) that Alf's triacs were being: 
triggered into conduction by 
the sudden voltage rise across 
them. The critical dv/dt (see 


Snubber Networks, ET! March ake 


1987 for explanation) varies 
widely between one device and 
another. 

A glance through the TAG 
data book shows figures of any- 
thing between 10V/ps for triacs 
with otherwise similar ratings. 
Alf’s may have been on the low 
side. 


AMPLIFIER 


d/A DISTORTIONLESS 


AMPLIFIER 
O Av+d 


d/A  DISTORTIONLESS 


AMPLIFIER 
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9 Hall Road, Hemel Hempstead, 
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The board reference number tells 
you when the PCB foil was published. 
The first two numbers are the year 
and the next two the month. The 
number after the dash indicates the 
particular project in that issue. 


The terms are strictly cash with 
order. Make cheques payable to 
ASP Ltd. We cannot accept official 
orders but we can supply a pro- 
forma invoice if required. Such an 
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E8107-1 System A Disc Input bd 
MER MIM 6s 6:50 sarcnadcin cece F 
E8107-2 System A Preamplifier Main ...K 
E8108-1 System A PowerAmp ........ L 
E8109-2 SystemAPSU ............005 F 
E8201-2 Infant Guard .......... ses eee Cc 
E8202-5 MM Stage Disc Preamp 
(TISDIOGR) 55s scarica av G 
E8206-5 Logic Lock ...........0e eee F 
E8208-1 Playmate Practice Amp 3bds 
SAL cicxcwaneadn needa teen K 
FO21221 EECB cccrnassigads soneawnver F 
E8301-2 Analogue to digital conv (ZX81/ 
Spectrum) scscasssaacainaas E 
E8305-3 Dual Audio Power Supply, 
Linsley Hood ............. G 
£8305-5 Balanced Input Preamplifier 
{aed eons 05 Se EIRINROMRTE DY F 
E8307-2 Flash Trigger-sound or FR..... F 
E8308-1 Graphic Equaliser 
WOCKCHAL sseacecncenes »M 
F8308-2 Servo Fail-safe ....,......... Cc 
£8309-1 NICAD Charger/Regenerator 
Peet EhEg pM MEEWSR BERD LTS F 
£8310-3 Typewriter Interface - EX42 ...F 
E8311-1 Mini Drum Synth ............ F 
£8311-8 Moving Coil Pre-Preamp ..... F 
£8312-3 Light Chaser EPROM Controlled 
(2 Boards): 2:3 ssscas50 4502 K 
E8402-1 Speech Board ..........004. M 
E8402-2 Modular Pre-amp Disc Input 
MONG ws vaneawenvemenen sees F 
E8402-3 Modular Pre-amp Stereo 
QUtPUE s anwuuarivnnaing ve eye EF 
E8402-4 Modular Pre-amp Relay, 
PO os aa cea consearucineaiaiin oh aX. 0 F 
£8402-5 Modular Pre-amp Tone Main 
MONG sicaciswneesniuerayay F 
£8402-6 Modular Pre-amp Tone Filter, 
STOMOG csc nmerings cangeeaeer F 
£8402-7 Modular Pre-amp Balanced 
COUTGL: 5 a corinaatcisi win Saiertare F 
E8402-8 Modular Pre-amp Headphone 
AMD sasveasesaaankeveenas F 
E8404-2 Mains Remote control Receiver 
pias Lai RNR oR CUTE s enielae F 
E8405-1 Auto Light Switch ............ F 
E8405-2 ZX81 EPROM Programmer... N 
E8405-3 Mains Remote Control 
TANSMittel 2. sawivrcesr ene H 
E8405-4 Centronics Interface ......... F 
E8405-6 Drum Synth ...........4..05- F 
E8406-1 Oric EPROM Board ......... Oo 
E8406-2 Spectrum Joystick ........... E 
E8406-3 Audio Design RIAA Stage ....G 
E8406-4 AD Buffer/Filter/Tone ....... H 
E8406-5 AD Headphone Amp......... F 
E8406-6 AD Preamp PSU ............. K 
£8406-7 AD PowerAmp ............. H 
E8406-8 AD PowerAmpPSU.......... J 
E8406-9 AD Stereo Power Meter ...... F 
£8406-10AD input Clamp ............ C 
E8407-1 Warlock Alarm.........-..4- M 
E8408-2 EPROM Emulator ........... N 
£8408-3 Infrared Alarm Transmitter ...E 
E8408-4 Infrared Alarm Receiver ...... F 
E8409-1 EX42 Keyboard Interface ..... F 
E8409-2 Banshee Siren Unit .......... F 
EB410-1 Echo Unit ..< 5. 50sassceswuens F 
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£8410-2 Digital Cassette Deck ....... N £8606-5 Sound Sampler.............. R 


E8410-3 Disco Party Strobe .......... H E8607-1 Direction .............0.00es E 
£8411-5 Video Vandal (3boards) ..... N E8607-2 Upgradeable Amp, MC stage Baud Rate Converter (May, 1986) 
£8411-6 Temperature Controller ..... D (Stereo)...........ceeceaee CS In Fig. 4 some confusion has creptin tothe ins 
£8411-7 Mains Failure Alarm ......... D E8607-3 BBC Motor Controller ........ F and outs of the circuit diagram. |CéaandIC5c 
£8411-8 Knite Light . sfadinwiatew cae d reewe D E8608-1 Digital Panel Meter.......... G need to be turned round and pins 20 and 25 
E8411-9 Stage Lighting Interface ...... F E8608-2 Upgradeable Amp, MM stage of IC2 swapped round. In Fig. 5, 04 and D3 
E8411-10 Perpetual Pendulum ......... E WONG) Sirsaiccoesseeeeeens H are shown the wrong way round on the 
8412-1 Spectrum Centronics Interface £8609-1 Mains Conditioner........... E overlay. This could of course lead to the 
ated a ee Dereeee F £8609-2 Experimental preamp ........ F destruction of C10 as well as the presence of 
ctive - 8 Protection Unit..... F £8609-3 Upgradeable amp, Tone board second +12V rail instead of the required 
E8412-5 Active- 8 Crossover.......... F CNOTIO) co5 xs ictzncilccsaurs —12V. In Fig. 6, SK4.3 and SK3.3 must be 
£8412-6 Active - 8 LF EQ <Fwiacnenrinnscle F E8609-4 Upgradeable amp, Output swapped over. In the Parts List, C10 should 
£8412-7 Active - 8 Equaliser........... F board (mono)...........065 F be 1000uF, not 100uF, 
ESS02-1 Dintal Delsy Expander <-..'N | EB61O+1 Audio Analyser Filter RF Oscillators (June, 1986) 
ec Nh eli ta alan BODIE weeicnwsaaegicascuvete L " 
E8502-2 Data Logger ...............+, J £8610-2 Audio Analyser Display Fig. 12 does not, infact, show a working 
E8503-1 Combo Preamplifier ......... F DAWG vcad occa neekaen aes K oscillator. For a series fed arrangement, take 
E8503-2 THD Meter mV & oscillator £8610-3 Audio Analyser Display....... H the link from CV1a,b junction to R3 and Q1 
ae aoe hanes satpro K E8610-4 Audio A aid Power : lhe” era and not OV, remove C1 and 
- eter Mains PSU....... F SUDDIY csscsecom arse ssou.sah SSE move C2 toshunt R2. Forashunt-fed arrange- 
£8504-1 Framestore Memory ........ M £8611-1 Audio Swlichins (2 bds)....... H ment, break the link between L1 and Vcc and 
tee oo Control ssc cove N nan au PLL pgradeable A mpes - bds)...Q take Q1 collector to Vcc via a 4k7 resistor. 
4-4 Buzby Meter ..............4. E 5 adeable Amp PSU ....... 
£8504-5 CCD Delay..........scsee0e: F £8611-4 Call meter, main bd.......... oO Speaking Alarm Clock (August, 1986) 
8505-5 Stereo Simulator............. F £8611-5 Call meter, interface bd...... N In the circuit diagram, Fig. 2, diode D3 and 
£8506-1 Audio Mixer Main............ J E8612-1 Bongo Box,.............+--4. J resistor R14 shoud| be in parallel not series as 
8506-2 Audio Mixer PSU ..........0. F £8612-2 ss monitor shown. The link from IC 10, pin 1, to battery 
£8506-3 Audio Mixer RIAA........... ree PCB) .......eeeeee eee E sitive should be removed. 
£8506-4 Audio Miner Tone Control ... . E8701-1 RGB Converter.............. F ” ; : ‘ 
£8506-5 EPROM Prog MKIl .......... re £8701-2 Mains Controller............ D Biofeedback Monitor (December, 1986) 
8508-1 RCLBridge................. N BORG =9 OEE occ cmaprcginmoinit aired H | The capacitor C4 is shown the wrong way 
mead EUaC eine E E8701-4 Audio Selector mainboard... | around in the component overlay diagram 
£8508-3 EPROM Emulator ............ A rr io all ee H | (Fig 4). 
ERSOG-1 Spectron ¢<ssu:s.,cs.csccans 701-6 Tacho-Dwell.............0.08 F 
F8509-2 Thireet iniactan BOX ...ccecee : E8702-1 Ratemeter main board....... K The Intelligent Call Meter (December, 1986) 
£8510-9 Sunrise Light Brightener... a: £8702-2 Ratemeter ranging board..... F The excreting atsine GM fox tls DFC 
F8511-1 MTE Waveform Generator ...H E8702-3 Photo Process Controller ject (Table 3) was badly printed with the byte 
€8511-2 Millfaradometer “a (Bbdleheiiets cae ecoeecbeeds cs fe) at location BF missing. This should read 7F. 
Ne ite eta Ral E8702-4 LEDline display board 
£8511- b: Wisssvlsie's can 3 05596 
ee | cerons ulietpsracivanize"* | Mine cee am (bt nt 
£8511-7 Enlarger Exposure Meter ..... F (2 bds) salad labelled. This is connected to Q1. Inthe com- 
£8511-8 Switching Regulator.......... E nervosa © ee RES SoS Eg aG tee G ponent overlay (Fig. 5) several components 
E8511-9 Second Line of Defence..... M £8703-2 Sparta Ses isesey seen F are missing. A link should connect the two 
E8512-1 Specdrum connector........ .F ut Crone psa pol sateterecneres L pads to the left of C1. Q1 is situated next to 
£8512-2 MTE Pulse Generator ........ H 9704-1 aac ni an MID) int oo "i D1 and connection point P4 is situated bet- 
coal es spacer Fontan atickelecids L cas ETIFaker pat ch ‘a enlace .... ween R16and R33. Inaddition, the positions 
- AKIN 6.528 S50 eraisiccestnsrersic 
eieoted MIE Countertinel nec M 704-3 24Hr. Sundial..........+. ssibinsgsea ctarccaecnpliailion 
£8602-1 Digibaro...............00005 Oo Aerial Without Holes (In-Car Tech Tips, 
£8603-2 Programmable Logic Evaluation January, 1987) 
Rat bach oven esas Sox ootn H Using enamelled wire of only 0.5mm dia- 
£8603-3 Sound Sampler Analogue »meter for the bifilar coils could cause over- 
BeRE ooo Ae Oe R heating problems and even a fire risk with 
£8604-1 JLLH PAPSU...............- H some cars. A much thicker wire (1.5mm 
£8604-2 Matchbox Amplifier ......... Cc should be sufficient) should be used. 
£8604-3 Matchbox A\ 5 Brid i 
nacre mp Sneens Cc Credit Card Casino (March, 1987) 
8604-4 MTE Analogu e/ Digital oe The circuit diagram (Fig. 1) incorrectly 
Peniue.. M showed a connection between C2 (negative 
£8605-1 Microlight Intercom ......... ‘ lead) and the positive rail. The PCB foil is 
E8605-2 Baud Rate Converter........M CON 
£8605-3 Baud Rate Converter 
PSU Board .......0...000- G Capacitometer (March, 1987) 
£8605-4 Portable PA ............-++ cH byron guennainn sare hy, 2 onacaisand sak 
£8606-1 Midi-CV Converter Board ....H of IC1 connected to OV. The zener diode 
£8606-2 Midi-CV Converter PSU ..... D ‘zD1) Shadld be connected between the 
£8606-3 Troglograph ..........-...++s F junction of R10/R11 and OV. The PCB foil is 
£8606-4 80m Receiver...........-.+. H sadn 
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MIDI SIDE TWO 


The MIDI Interface board. 
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diode junction test range. 
Order Code YM63T 


battery indication. 
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A calculator size autoranging DMM which 
reads 1mV-400V DC, 1mV-400V AC, 0.10- 
2MQ. and has a continuity buzzer. 

Overall size only 120 x 75 x 15mm. 


A very high quality multimeter at a very low 
price! 14 selectable ranges covering AC and 
DC volts, DC current and resistance. Also has a 


A 6 position rotary switch selects off, volts, 

ohms/continuity, 2OMQ, 200mA/h¢¢ or 10A. 
Features include display hold, NPN and PNP 
transistor tester, autorange override and low 
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Pick up a copy of our 1987 
catalogue from any branch of 
W.H. Smith for just £1.50. 

Or to receive your copy by 
post just send £1.50 + 40p 

p & p to Mail Order address. 
If you live outside the 

U.K. please send £2.50 or 11 
International Reply Coupons. 


